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INTESTINAL PUTREFACTION AND BACTERIAL DEVELOPMENT 
ACCOMPANYING WATER DRINKING AND FASTING 

By N R BLATHERWICK, C P SHERWIN and P B HAWK 

(From the Laboratory of Physiological Chemistry of the Unnersity of 

Illinois ) 

Data were presented which indicated a marked decrease in the 
output of bacteria m the feces when normal men were caused to 
increase their -water ingestion by 3450 cc per da} r , the water being 
taken with meals That intestinal putrefaction was also dimin- 
ished under these conditions was indicated by an accompanying 
decrease in the urinary indican values during the interval of high 
water intake The course of the total ethereal sulphate excretion 
did not run parallel with that of indican thus furnishing additional 
evidence in favor of the view that indican has an origin different 
from that of the other ethereal sulphates 

When a normal man passed into a 7-day fast from a high pro- 
tein level it was found that the daily output of fecal bacteria was 
markedly lowered, with a return to normal values with the in- 
ception of a post-fasting period of low protem character Indican 
and total ethereal sulphates were also decreased under the fasting 
regime, this decrease being followed by an increase upon the sub- 
sequent ingestion of food 

SOME ESSENTIAL CONDITIONS OF ACCURACY AND SPEED FOR 
THE DETERMINATION OF SUGAR BY THE METHOD OF COP- 
PER REDUCTION 

Bi AMOS W PETERS 

(From the Ca> negic A utrilion Laboratory, Boston, Mass ) 

A critical study was made of the conditions -which must b" 
observed in the determination of sugar by copper reduction meth- 
ods when the greatest accuracy and speed are required combined 

Mil 
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m one procedure It v> as found that more exact definition or 
standardization of known conditions was needed A procedure 
was developed which is characterized by (a) exact measurement of 
copper, (b) the standardization of heating power and other condi- 
tions of reduction so that perfectly uniform and alway s reproducible 
reduction values are obtained, due to a quantitative specification 
of conditions The heating power is measured by the time (120 
seconds) required to raise the temperature of distilled water under 
specifications through the temperature interval of 35° C to 95° C 
In a sugar determination a specified form of apparatus is used 
which is the same as for the measurement of the heating pow er and 
is used under the same conditions However, in sugar estimations 
the only observed time for heating is that of twenty seconds after 
the thermometer shows a temperature of 95° C A curve was 
determined showing the amount of reduction m relation to the 
nse of temperature About 70 per cent of the total reduction has 
already occurred when the thermometer reaches 75° C The short 
period of heating is related to this fact and other reducing sub- 
stances thus haie a minimal effect The reduction mixture is 
filtered hot through a described filtering tube The copper of 
the filtrate is determined by the iodide method under conditions of 
accuracy that have been separately studied and reported Limits 
of error on tabular values and their reproducibility have been tested 
and the results shown by curves The procedure has also been 
tested for the quantitative analytical recovery of pure dextrose 
added to diabetic urme and has yielded the amount added to 
within a fraction of 1 per cent The procedure. has a range of 2 to 
175 mgs of dextrose and when the standard conditions have once 
been established occupies not more than fifteen minutes It is 
especially reliable for the determination of small reducing powers 

OK THE FATE OF INGESTED FAT IK THE ANIMAL BODY 
BrH S RAPER 

(From the Department of Pathological Chemistry, Unuersily of Toronto ) 

Cocoanut oil yielding 40 per cent of acids volatile with steam, 
can be recovered from a mixture of 1 gram of the oil with the mmced 
liver of a cat to the extent of about 80 per cent, when the fatty 
acids are subjected to steam distillation If the oil is fed to cats 
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considerable quantities of volatile acids are obtained from the 
liver If an emulsion of the oil be slowly infused into a vein, from 
30 to 50 per cent of the volatile acids entering the systemic cir- 
culation can be recovered from the liver two or three hours later 
About the same proportion of the oil absorbed from the intestine 
is similarly found in the liver 

THE PURINES AND PURINE ENZYMES OF TUMORS 
By H GIDEON WELLS 

( From the Department of Pathology, University of Chicago ) 

As the liver is the chief or only organ of the human body capable 
of oxidizing xanthine into uric acid in vitro , the demonstration that 
secondary carcinomas of the liver are not capable of accomplishing 
this oxidation is a point m support of the view that the chemical 
activities of tumor tissue, like their histological structure, breed 
true m secondary growths and do not correspond to the tissues m 
which they are growing Both malignant and benign tumors were 
found to resemble normal tissues as regards purine content and 
purine enzymes Guanase and nucleases seem to be always pre- 
sent, adenase and xanthine oxidase are absent Carcinomas con- 
tain usually somewhat less combined purine nitrogen than such 
organs as the liver and kidney, averaging about 1 5 per cent of the 
total fixed nitrogen, fibromyomas contain about 1 1 per cent of 
purine N The guanine was usually found to slightly exceed in 
amount the adenine, and more or less h} r po\anthme is always pres- 
ent A relatively large proportion of hypo\anthme was found m 
a uterine mj r oma, corresponding with Saiki’s observation that non- 
stnated muscle contams considerable free hypoxanthme 

THE HAEMOLYTIC POWER OF FATTY ACIDS 
Bi FLETCHER McPHEDRAN 

{From the Laboratory of Pathological Chemistry of the Unuersity of Toronto ) 

Faust and Tallquist ascribed the anaemia of Bolhnocephalus 
latu£ to the unsaturation of oleic acid Other more unsaturated 
acids occur m the body and these might be of importance m 
anaemia Experiments show that increase in the number of un- 
saturated carbon atoms does not increase the haemolytic power 
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Saturation of the free bonds with halogens seems to actually in- 
crease the haemolytic ability, saturation with hydroxyl groups 
diminishes it in the case of dioxysteanc acid 

NOTE ON A NEW SALT OF 0-OXYBUTYRIC ACID 
Br P A SHAFFER 

( From ihe Laboratory of Biological Chemistry, Washington University, Si 

Louis ) 

Zinc-calcium double salt of the composition ZnCa(ChH 7 0;j)< 
is useful for the purification of /3-oxybutync acid It is prepared 
by pounng together equivalent parts of the zinc and calcium 
/?-oxj butyrates, made by treating the free acid with zinc and cal- 
cium carbonates, respectively The salt is precipitated, crys- 
tallized in needles or long narrow plates, on the addition to the 
warmed solution of an equal volume of alcohol From the puri- 
fied salt the free acid may be obtained by removal of Zn by H 2 S 
and Ca by the theoretical amount of oxahc acid, or a solution of 
the salt, acidified with a slight excess of H s SO<, and dehydrated 
by plaster or anhydrous Na-SOi, may be extracted with dry ether 
The salt prepared from 1-oxybutync acid has a specific rotation 
of [a] D ’ = -15 1° (5 per cent solution) 

ON THE ALLANTOIN OUTPUT OF MAN AS INFLUENCED BY WATER 

INGESTION 

Bt LAWRENCE T FAIRHALL and P B HAWK 
( From ihe Laboratory of Physiological Chemistry, University of Illinois ) 

When the normal diet of a normal man was supplemented by 
900 cc of water per day the average daily output of allantom 
was 0 0135 gram for a period of thirteen days, the determinations 
being made by Wiechowski’s method Upon increasing the water 
intake to 3450 cc per day for a period of five days, the average 
daily allantom excretion was increased to 0 0173 gram The 
daily value for a five-day final period on the original 900 cc 
water ingestion was 0 0122 gram 
The increase in the allantom output accompanying water drink- 
ing is beheved to indicate that the oxidative mechanism of the 
organism has been stimulated through the introduction of the large 
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volume of water into the body and that purine material which 
would ordinarily have been excreted in some less highly oxidized 
form has been oxidized to allantom and excreted in this form 
This conclusion is substantiated by the findings reported m this 
laboratory of a decreased output of uric acid accompanying an 
increased water ingestion by man 

In view of the fact that the above interpretation is contrary to 
current ideas regarding purine metabolism , the authors make the in- 
terpretation tentatively until further experiments maybe completed 

PHYSIOLOGICAL EFFECTS ON GROWTH AND REPRODUCTION OF 
RATIONS BALANCED FROM RESTRICTED SOURCES 1 

BiE B HART, E V McCOLLUM and Ii STEENBOCK 
( From the Laboratory of Agricultural Chemistry, University of Wisconsin ) 

This paper summarizes the preliminary results of an extended 
investigation on the physiological value of rations for domestic 
animals Our first experiments were limited to growing and repro- 
ducing heifers and extended over a penod of four years There 
is evidence from the data that there is a distinct and important 
physiological value to a ration not measurable by present chem- 
ical methods or dependent upon mere supply of available energy 
While the latter are important and give valuable data for a start- 
ing point, they are, nevertheless, inadequate as final criteria of 
the nutritive value of a feed 

Animals fed rations from different plant sources and compar- 
ably balanced m regard to the supply of digestible organic nutrients 
and production therms were not alike m respect to general vigor, 
size and strength of offspring and capacity for milk secretion 

Animals receiving their nutrients from the wheat plant were 
unable to perform normally and with vigor all the above physio- 
logical processes 

Those receiving their nutrients from the com plant were strong 
and vigorous, m splendid condition all the time and reproduced 
young of large weight and vigor 

Animals receiving their nutrients from the oat plant were able 
to perform all the physiological processes of growth, reproduction 
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and milk secretion with a certain degree of vigor, but not m the 
same degree as manifested by the com fed animals 
Where a mixture of all the above plant materials was used the 
animals responded to the ration with less vigor than to the com 
or oat rations alone, but with more vigor than to the n heat ration 
These are records from the continued use of rations for three 
years Monotony of diet was not a troublesome factor and is not 
of such importance m nutrition problems as usually supposed 
The unnes of the wheat-fed animals were acid to litmus The 
urines from all the other lots v ere alkaline or neutral to the same 
indicator Correction of this acid reaction by feeding alkaline 
carbonates did not restore the wheat fed group to full vigor and 
proper condition 

Allantoin was absent from the urmes of the wheat group during 
them period of growth, but during gestation it was present It was 
also present in the urmes of the other lots 
The degree of oxidation of sulphur in the urmes of the several 
groups was not greatly different 

At present we have no solution for the observations made 
Differences of protein structure would appear to be excluded as a 
possible factor, because of the results secured with the mixed ration 
Lack of adequate supply of bases in the wheat ration would also 
’ appear to be excluded as a factor, upon the basis of the records 
secured with the addition of inorganic ash mixtures for that ration 
However, we reserve for the future all final conclusions as to the 
importance of these factors to our results 

SYNTHESIS OF LECITHINS IN THE HEN 1 
Br E V McCOLLIDI and J G HALPIN 
(From the Laboratory of Agricultural Chemistry, University of Wisconsin ) 

Young hens of about 2§ pounds weight were fed a mixture of 
skim milk powder and nee meal, the latter twice extracted with a 
liberal amount of boiling alcohol Ground limestone and sand 
were supplied The ration was practically lecithin-free and nearly 
fat-free During ninety days preceding the first laying penod the 
hens increased their body weights from 33 to 36 per cent An 
average egg production of 19 per hen was secured from birds con- 
tinued on this ration 


‘Read bj title 
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The average weight of yolks was 15 5 grams, the total aver- 
age yolk production per hen was 294 5 grams By the method of 
Koch and Woods it was found that the average lecithin produc- 
tion was 8 83 grams, and of kephalins 27 68 grams per hen It is 
fair to assume that the bodies of these hens contained more phos- 
phatides at the end than at the beginning of the feeding penod, 
and also that some phosphatides were present m the whites of the 
eggs It is evident that the synthesis of phosphatides is readily 
accomplished m the body of the hen when fed rations free from 
these substances 

THE EFFECT OF HIGH MAGNESIUM INTAKE ON CALCIUM EXCRE- 
TION BY PIGS 3 

BiE B HART and H STEENBOCK 
( From the Laboratory of Agricultural Chemistry, University of IFtsconstti ) 

The theory that a high ratio of magnesium to calcium, which is 
normal to grains, is opposed to an optimum retention of calcium, 
has been studied The work has been conducted with pigs and the 
data indicate that there is little validity for the theory It has 
been shown bj f others that magnesium salts injected directly into 
the blood cause an increased excretion of calcium m the urme, 
our own work shows that magnesium salts excessively consumed, 
with the food as chloride or sulphate, also occasion an increased 
excretion of calcium in the urme When, however, these salts are 
accompamed by sufficient potassium phosphate to form the ter- 
tian magnesium phosphate, the calcium excretion in the urme 
immediately decreases, further, when a high magnesium contain- 
ing food, such as wheat bran or shoyts, is ingested through the 
mouth, no increased calcium excretion m the urme takes place 
This work indicates that faulty calcium retention for skeleton build- 
ing, incident to feeding grains or gram by-products alone, does not 
he in an improper ratio of these elements m the feed, but rather to 
a lack of supply of calcium The fact that the relation of phos- 
phorus to calcium and magnesium m our grains is high, with the 
probable formation in the tract of magnesium phosphate and its 
excretion by way of the intestine, v r ouId help explain this differ- 
ence m the action of magnesium chloride or sulphate and the mag- 
nesium normal to grains 

3 Read hj title 
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A COMPARISON OF THE NUTRITIVE VALUE OF THE NITROGEN OF 
THE OAT AND WHEAT GRAINS FOR THE GROWING PIG « 

ByE V McCOLLUM 

(From the Laboratory of Agricultural Chemistry of the University of If isconsin ) 

A young pig of 50 pounds weight was fed starch and salts alone 
for twelve days, then during sixty days a ration of rolled oats and 
starch u hich supplied 100 calories per lolo of body weight and fifty - 
five times the mtrogen daily eliminated by the pig as creatinine 
This was followed by a ten-day starch period This oat ration 
supplied about ten times the maintamance needs of the animal for 
mtrogen Seven hundred and three grams of nitrogen were fed, 
of which 160 8 grams or 22 87 per cent was retained for growth 

In a like experiment with another pig the wheat gram and starch 
were given The animal was fed per day fifty-five times the aver- 
age mtrogen excreted daily as creatinine Eight hundred and 
three grams of mtrogen was fed, of which 189 grams or 23 54 per 
cent was retained for growth Both pigs were very vigorous 
specimens 

The data secured indicate that little if any difference exists m 
the utilization of the mtrogen of these grains by the pig for growth 
during a period of sixty days 

THE RELATION BETWEEN NITROGEN RETENTION AND RISE OF 
CREATININE EXCRETED DURING GROWTH IN THE PIG * 

BtE V McCOLLUM 

(From the Laboratoryof Agricultural Chemistry of the University of Wisconsin ) 

As previously reported ( Amer J ourn of Physiol , xxix, p 210) 
young pigs show a steady rise of creatinine output during growth 
which seemed to be proportional to the mtrogen retamed In two 
experiments a nse of 1 mgm of creatinine mtrogen was found to 
accompany a retention of 2 39 and 2 46 grams of mtrogen The 
pigs m these experiments were fed in one case casern, and in the 
other the proteins of skimmed milk 

In the experiments reported m the preceding abstract, the pig 
on a diet of rolled oats showed a rise of 0 0801 gram of creatinine 


* Read bj title 



XVI 


Proceedings 


nitrogen, during a period of sixty days m which 160 8 grams of 
nitrogen were retained This corresponds to a rise of 1 mgm of 
creatinine nitrogen for each 2 01 grains of nitrogen retained 
In the wheat-fed pig a rise of 0 0740 gram of creatinine nitrogen 
was observed to accompany a retention of 189 0 grams of nitrogen 
This corresponds to a rise of 1 mgm of creatinine per day for each 
2 55 grams of nitrogen retained as growth In experiments ear- 
ned out with the great care exercised m the last two cases it was 
believed that closer agreement would be obtained in the results 
As a possible cause of the discrepancy m the figures obtained 
it may be suggested that certain protein mixtures may supply an 
abundance of complexes necessary to the formation of tissues con- 
cerned with creatinine formation, and a scarcity of complexes 
essential to the formation of tissues not so concerned In other 
cases of restricted diet the reverse may be true In other words, 
in the young animal, in winch there is a great impetus to growth, 
if the proteins are derived from restricted sources there may occur 
an “unsymmetncal” growth This question is being further 
investigated 

EXPERIMENTS IN FEEDING “DISSECTED” MILK 6 

Bi E V McCOLLUM and E B HART 
(Fromthc Laboratory of Agricultural Chemistry of the Unucrsily of Wisconsin ) 

A pig which weighed 17 pounds after a five-day fast, was fed 
310 5 grams of nitrogen during fifty-five days Seventy-five per 
cent was in the form of casein piepared by the method of Hammar- 
sten, and 25 per cent in the form of boiled whey Starch was given 
m amount sufficient to make the energy intake 75 calories per kilo 
per day The pig excreted duung this period 219 9 grains of 
mtrogen, leaving a positive balance of 90 6 grams A significant 
rise m the creatinine output was observed The body -weight in- 
creased to 21 75 pounds The experiment was discontinued be- 
cause the pig became badly infested with -worms 

A second pig weighing 22 5 pounds after a tv'o-day fast, w r as fed 
326 3 grams of nitrogen as casein during a fifty-five day period 
The ration consisted of casein, starch, ash of whey, 2 grams of 
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agar-agar and water The total nitrogen excreted during the 
period was 246 1 grams, leaving a balance of SO 2 grams retained 
This pig was also found to be badly infested with worms and the 
experiment was discontinued The weight at the end of the exper- 
iment was 23 pounds Both of these pigs became very thm 
A third pig weighing 48 pounds was fed during sixty days a 
ration of slammed milk and starch The milk was treated each 
daj with 86 per cent phosphoric acid to make 0 6 per cent acid, 
and boiled for fifteen minutes, cooled and treated with enough milk 
of lime to just neutralize it The pig ate this mixture well The 
animal retamed 329 grams of nitrogen, and increased in weight 17 
pounds These experiments indicate that the pig can grow to a 
considerable extent on casern as the sole protein, and that milk 
treated so as to disturb any specific complexes between organic and 
inorganic radicals is still capable of mamtammg a fairly vigorous 
growth 

THE URINE OF LATE PREGNANCY AND THE PUERPERIUM 

Bt JOHN R MURLIX axi> H C BAILEY 

(From (he Departments of Physiology and06s(e(ncs, Cornell Umiersity Med- 
ical College, New Yorl City ) 

From the maternity wards of the Bellevue Hospital and from 
the Emergency Hospital and School for Midwifery on 26th Street, 
v,ere obtained continuous senes of unnes from the following cases 

1 Three normal pregnancies (ninth month) under control as to 
diet 

2 Three pre-eclamptic cases 

3 Two cases of eclampsia, one interpartum and one postpartum 

4 One case of pernicious vomiting with nephritis 

The normal cases on creatine-free diets cont ainin g less than 35 
calories per kilogram show creatine m the urine The percentage 
of ammonia nitrogen m the best-fed case ran as high as 12 2 per 
cent of the total The ammo-acid nitrogen by Hennques and 
Sorensen's' method runs as high as 7 9 per cent 

The pre-eclamptic cases when placed on milk diet showed no 
high ammonia 


‘ Hennques and Sorensen Zeitschnflf physiol Chem , Ixiv, p 120,1910 
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In the case of mterpartum eclampsia, the ammonia was not 
above 6 per cent until after the convulsions Afterwards it ran 
up to 30 per cent The ammo-aeid N m this case just before labor 
was nearly 0 8 gram, being 6 6 per cent of the total At the same 
time the undetermined nitrogen (possibly "peptid-bound” nitro- 
gen) amounted to 3 7 per cent In the other case of eclampsia 
the ammonia fraction was high in the first urine received by us, 
but fell rapidly as the patient’s condition improved 

The single case of pernicious vomiting seems to bear out the 
views of Underhill and Rand 7 as to the effects of starvation 

THE STORAGE OF FAT IN THE SALMON MUSCULAR TISSUE AND 
ITS RESORPTION DURING THE MIGRATION FAST 8 

Bi CHAS W GREENE 

( From the Department of Physiology and Pharmacology, Laboratory of Phys- 
iology, University of Missouri ) 

The king salmon stores large quantities of fat in its tissues dur- 
ing its life in the ocean When it enters the fresh waters of the 
rivers in the journey to the spawning ground it is now well known 
that it wholly ceases to take food and makes the journey while 
fasting Food material is stored m the salmon tissues during the 
ocean feeding period and this food consists almost if not entirely 
of fat In the Columbia River those salmon caught at the lowest 
point at the mouth of the river have the greatest amount of stored 
fat m their tissues 

The salmon fat is stored primarily m the muscles These mus- 
cles are of three classes, namely, (1) The lateral dark muscle, 
(2) The great lateral pink muscle, (3) The small muscles of the 
fins and head The fat is stored in each of these types of muscle 
m its own characteristic way 

1 The fat in the lateral dark muscle is m large drops chiefly 
within the fibers, but to some extent between the fibers The fat 
drops between the fibers are relatively few m number and seldom 
exceed a diameter of 20 micra The fat in the dark muscle within 
the fibers is in two characteristic regions, (a) between the sarco- 

7 Archives of Internal Mcdcine, v, p 61, 1910 

8 Abstract published by permission of the U S Commissioner of Fisheries 
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lemma and the muscle plasma where the drops often amount to as 
much as 6 to 12 micra m diameter, and (b) within the sarcoplasm 
This intramuscular fat is in unusually large droplets m size, often 
varying from 6 to 8 micra m diameter and located primarily m 
Cohnheim's areas These larger droplets are associated with all 
sizes of fat droplets down to liposomes 2 micra in diameter 

The liposomes are in longitudinal chains located ofttimes between 
the individual fibrdlae, the liposomes corresponding fairly closely 
in position and number with the stnations of the muscle sub- 
stance 

2 The fat in the pink muscle which represents the greatest 
muscular mass is wholly between the fibers, up to the time when 
the salmon stops feeding The storage of fat in this region is 
enormous The fat drops are of relatively large size, varying from 
the smaller ones only a few micra in diameter to drops as much as 
100 micra in diameter. 

3 In the smaller fin muscles which are in relatively constant 
activity, there is only a small amount of stored fat and that is 
chief!} intermuscular 

From the time the salmon stop feedmg until their death after 
spawning the quantity of stored fat gradually diminishes It is 
never wholly consumed even in fish taken after natural death In 
the dark muscle the fat is gradually eliminated both from the inter 
and mtrafibrous regions It never wholly disappears from the 
substance of the muscle fiber but shows the extreme reduction at 
the tune of dying In the pink muscle the mterfibrous fat is gradu- 
ally removed during the migration period and has practicall} dis- 
appeared when the fish have reached the spawning stage and at 
the death which follows 

An observation of more than usual interest is found in the fact 
that a large quantity of extremely finely divided fat makes its 
appearance within the pink muscle fibers as soon as the fish stops 
feedmg on entering the fresh water of the rivers The fat is some- 
what greater m amount and the droplets are slightly larger in the 
smallest fibers This mtrafibrous fat is present m all specimens 
at all stages of the migration journey Its quantity is remark- 
ably uniform In fish from the spawning grounds which are 
approaching the spawning period this intramuscular fat begins to 
dimmish in quantity At the time of death, however, consider- 
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able quantities are still present m the smallest fibers though it has 
completely disappeared m the largest fibers 

It seems evident that fat is thrown into the fibers of the great 
lateral muscle and kept there in strikingly uniform quantity and 
amount during the entire migration journey It is suggested that 
this fat is utilized bj' the muscle as the source of the energy ex- 
pended during the migration fast 

INTESTINAL ABSORPTION 
By H C BRADLEY and H S GASSER 
( From the Laboratory of Physiological Chemistry, University of TFtsconsm ) 

An emulsified mixture of olive oil and petroleum oil fed by sound 
to a dog leads to absorption of both fat and hydrocarbon The 
thoracic lymph obtained by fistula contains both oils and in about 
the same relative proportion as m the emulsion fed This sug- 
gests a mechanical absorption of droplets of fatty acid and hydro- 
carbon oil mixtures 

Isolated loops of the intestine of dogs, cats, and goats, were per- 
fused with defibrmated blood from the same animal The loops 
were eithei removed at the height of protem digestion or amino 
acid and peptone mixtures were introduced Samples of the per- 
fusing blood were taken at the beginning and at intervals during 
the expenment Proteins from these samples were removed by 
mercunc nitrate, or phosphotungstic acid precipitation, or by coag- 
ulating in a boiling saturated solution of sodium or potassium sul- 
phate Tyrosine was not found m the concentrated filtrates from 
the piotem precipitations although Millon’s test is definite in 
dilutions of 1 100,000 No definite evidence of other ammo 
acids could be found in the perfusate 

THE RELATIONSHIP OF THE SUPRARENAL GLANDS TO SUGAR 
PRODUCTION IN THE LIVER 

Bi J J R MACLEOD and R J PEARCE 

( From the Lahoi atory of Physiology, Western Reserve Medical School, Cleve- 
land ) 

That the failure of stimulation of the splanchnic nerve to 
produce evidence of hyperglycogenolysis, after removal of the 
corresponding adrenal gland, does not indicate that a hypersecre- 
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tion of adrenalin into the blood is the cause of the hyperglycogeno 
lysis, which otherwise follows such stimulation, is shown by the 
fact that after complete section of the hepatic plexus splanchmc 
stimulation is usually without effect on the blood sugar 

Further evidence of the direct nerve control of the process of 
hepatic glycogenolysis is that hyperglycaemia follows stimula- 
tion of the hepatic plexus 

For this peripheral nerve control to be effective, how ever, there 
must be adrenalin in the blood, for, after double adrenalectomy, 
stimulation of the hepatic plexus is without effect on the blood 
sugar 

METABOLISM IN AN EXPERIMENTAL FEVER WITH SPECIAL REFER- 
ENCE TO THE CREATININE ELIMINATION 

By VICTOR C MYERS ayd G O t OLOVIC 
(From the Laboratory of Physiological Chemistry, Albany Medical College ) 

Fever was induced m rabbits (ten experiments) by inoculation 
with the bacillus of hog-cholera Determinations of total nitro- 
gen, urea, ammonia, creatinine, creatme, chlorides, potassium and 
phosphates, together with the morning and evening temperature 
observations, were made m the urme during the fever period and a 
previous control period of four or more days The creatinine 
findings were of particular interest The elimination of this sub- 
stance during the fever was found to parallel \ ery closely the body 
temperature, likewise the total nitrogen and urea, though the 
percentage of creatinine nitrogen m terms of total nitrogen dropped 
slightly at the height of the fever (3 8 to 3 3 per cent) The max- 
imum temperature (about 42° C ) was alwaj s found to be accom- 
panied by the highest creatinine elimination, the percentage in- 
crease over the normal elimination averaging 36 per cent during 
this period The elimination of creatine did not alwaj s accom- 
pany the fever, but when present w as generally observed following 
the crisis of the disease The view is expressed that the increased 
creatinine elimination still represents the normal endogenous pro- 
tein metabolism which is proceeding at an abnormal intensity due 
to the increased temperature, while the presence of creatine sug- 
gests the exhaustion of the normal glycogen store of energy, and 
perhaps measures the amount of abnormal endogenous protein 
metabolism 
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THE ROLE OF PROTEINS IN GROWTH 

Bi THOMAS B OSBORNE and LAFAYETTE B MENDEL 

(From the Laboratories of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry of Yale University ) 

The proteins satisfy several functions m the growing organism 
A certain minimum is necessary for the maintenance represented 
by Rubner’s “ Abnutzungsquote ” With an additional adequate 
energy supply any excess of protein beyond this maintenance 
reqmrement may, m the adult, experience temporary storage or be 
devoted to dynamogeruc uses, but m the organism capable of de- 
velopment it may contribute to growth 

The perfection of a product containing the non-protem constit- 
uents of milk (protem-free milk) m a form adapted to the specific 
needs of growing rats has made it possible to examine the efficiency 
of individual proteins in respect to maintenance and growth respec- 
tively The investigations have indicated the inadequacy of all 
prolamines, viz , zem, gliadin, and hordem in contrast with efficient 
proteins such as casein, lactalbumm, ovalbumin, edestm, glycmm, 
and glutenm, in promoting growth Gliadm and hordem satisfy 
the needs of maintenance m young animals, zein does not It will 
be noted that all of the inadequate proteins are deficient m two or 
more familiar ammo-acid complexes (Bausteine) Details of these 
experiments are presented m Publication 156, Part II, Carnegie 
Institution of Washington (1911) 

THE RdLE OF SURFACE TENSION IN THE DISTRIBUTION OF SALTS 

IN LIVING MATTER 

Bi A B MACALLUM 

(From the Laboratory of Biochemistry of the University of Toronto ) 

The author m previous communications to the Society had 
shown in a n um ber of instances that the Gibbs-Thomson principle 
of surface concentration of solutes could reasonably account for 
the condensation of potassium salts found, by microchemical 
methods, to occur on certain surfaces and inclusions of living cells 
and structures, and he ventured to claim that this principle is the 
dominant force m determining the distribution of salts m living 
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matter In the present communication he brought evidence w hich 
definitely shows, m one group of instances, that this is the case 
In Marine Suctona which, by alterations of surface tension of the 
superficial membrane or film at points on their surface, are able 
to protrude or retract tentacles formed of protoplasm, the distri- 
bution of potassium salts m the organisms is consequently affected 
When the tentacles are bemg protruded the potassium salts be- 
come localized in their films and very little maj be found in the 
cytoplasm generally When the tentacles are being retracted the 
potassium salts begin to diffuse throughout the cytoplasm, where 
it remains until it is excreted, or until the tentacles are again bemg 
protruded, when it is once more condensed m the excessively thin 
surface films of the tentacles 

A COMPARISON OF THE EFFECTS OF SUBCUTANEOUS AND INTRA- 
MUSCULAR INJECTIONS OF ADRENALIN UPON THE PRODUC- 
TION OF GLYCOSURIA 

Hi I S KLEINER avd S J MELTZER 
(From Ihc Rod cfdler fnshlute /or Afedtcal Research ) 

The experiments were made on rabbits, all of which received no 
food foT twenty-four hours previous to the injection but received 
100 cc of water by stomach tube shortly before the injection of 
adrenalin The unne was collected for twenty-four hours after 
the injection The intramuscular injections were made into the 
lumbar muscles, subcutaneous, in the lower part of the abdomen 
The doses of adrenalin ranged from 0 3 to 1 0 ce of 0 1 per cent 
solution In fortj-nme rabbits the average amount of sugar 
eliminated following intramuscular injection was 0 73 gram m 
forty-nine animals receiving like doses by subcutaneous injection, 
the average sugar excretion w as 1 20 gram A difference in. favor 
of the subcutaneous injection was noted for every dose tested, 
though the difference grew less as the dose diminished The great- 
est differences w ere observed with 0 7 or 0 8 cc of adrenalin solu- 
tion Of the fortj-nme intramuscular injections, thirteen were 
not followed by glycosuria of the forty-nine subcutaneous injec- 
tions, only four failed to cause glycosuria 

In eight experiments, a dose of 0 75 cc of adrenalin solution was 
injected subcutaneously distributed over four different places 
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Four of the animals excreted no sugar the average sugar excretion 
of the other four was only 0 56 gram The average excretion 
of sugar following the subcutaneous injection of this dose at a 
single point was 1 52 grams 

The experiments show that methods which favor the absorption 
of other substances are ess favorable for the production of 
glycosuria by adrenalin 

THE HOURLY CHEMICAL AND ENERGY TRANSFORMATIONS IN 
THE DOG, AFTER GIVING A LARGE QUANTITY OF MEAT 

By H B WILLIAMS, J A RICHE and GRAHAM LUSK 
(From the Physiological Laboratory, Cornell Medical College ) 

A calorimeter of the Atwater-Rosa type was constructed by Dr 
Williams, which is capable of measuring with great accuracy the 
heat of combustion of alcohol and the oxygen absorbed and the 
carbonic acid produced dunng its combustion, during periods of 
one hour each 

A dog which had been fed 700 grams of meat at noon of the pre- 
vious day, was placed m the calorimeter between 10 and 11 o’clock 
m the morning, and his metabolism measured The animal was 
given 1200 grams of meat at noon and placed in the apparatus 
again The heat production and other factors of metabolism were 
determined during hourly periods for twenty hours 

1 It was found that the direct and the indirect calorimetry 
agreed perfectly 

2 It was found that the heat production rose largely, and that 
this increase m heat production was proportional to the nitrogen 
eliminated m the urine and was m no way proportional to the 
quantity of material present m the intestine 

3 It was found that the carbon which was retained from the 
protein ingested, must have been retained in the form of glycogen, 
since the absorption of oxygen during the different periods cor- 
responded exactly with this assumption, whereas, if the carbon 
had been retained m the form of fat, the oxygen absorption would 
have been 10 per cent less than that found 

Further experiments have shown that glutamic acid added to a 
standard diet does not increase the heat production m any way 
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CHEMICAL ANALYSES OF THE ASH OF SMOOTH MUSCLE 

BiL A RYAN and EDUARD B MEIGS 

{From the Wislar Institute of Anatomy and the Hare Chemical Laboratory 
of the University of Pennsyhama ) 

The ash of the smooth muscle of the bull-frog’s stomach has 
been analyzed for potassium, sodium, phosphorus, and chlorine 
The methods of analysis have been m general those described by 
Katz in the Archiv fUr the gesammie Physiologie, 1896, bau, p 1, 
and the striated muscle of the same frogs was analyzed b} the 
same methods for the same elements The quantities of the ele- 
ments found in the stnated muscle were about the same as those 
reported by Katz in the article mentioned above In the smooth 
muscle three analyses were made for potassium, sodium, and chlo- 
rine, and four for phosphorus The following quantities, given as 
percentages of the weight of the fresh muscle, were obtained 
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0 099 
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Samples of the tissue analyzed as “smooth muscle” were exam- 
ined microscopically, both in the fresh state and after fixation by 
various histological methods, and it was determined that from 70 
per cent to 85 per cent of the volume of the tissue was made up 
of smooth muscle fibers, about 5 per cent was extraneous connec- 
tive tissue, and the remainder, interstitial spaces between the 
muscle fibers 

The results of our investigation indicate that smooth muscle 
contains somewhat less potassium and phosphorus and somewhat 
more sodium and chlorine than the stnated muscle of the same 
animal, but that the differences in these respects between the two 
tissues are not by any means so marked as has sometimes been 
supposed 
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QUANTITATIVE MEASUREMENT OF OXIDASES 
By H H BUNZEL 

(From the Bureau of Plant Industry, U S Department of Agriculture ) 

Accurate measurements were made of the oxidizing power of 
potato juice towards a series of aromatic substances, such as tyro- 
sine, benzidm, hydrochinone, a-naphthol, guaiacol, and others, 
and a comparative studj^ of the behavior towards these substances 
was made Experiments are described on the susceptibility of the 
oxidases toward poisons and heat The fact that the oxidizing 
power of the juice is limited, and the reaction comes to completion 
after several hours, as found m the case of pyrogallol, has been con- 
firmed for about half a dozen other substances, as has also the fact 
that the extent of the oxidation is directly proportional to the 
quantity of enzyme used An entirety new fact has been brought 
out The oxidizing power of the juice towards different substan- 
ces to be oxidized is not additive If one uses tw r o or three oxidiz- 
able materials m the same experiment, the result is not a summation 
of the individual oxidations where the oxidation by the same juice 
is measured separately, but corresponds roughly to the result 
obtained in the case of the most rapidly oxidized substance 

THE ESTIMATION OF DEXTROSE IN BLOOD AND URINE BY THE 

DIFFERENCE IN REDUCING POWER BEFORE AND AFTER YEAST 

FERMENTATION 

By J J R MACLEOD, C D CHRISTIE and J D DONALDSON 
(From the Physiological Laboratory, Western Reserve University ) 

After treatment of urine with 10 per cent blood charcoal (Merck) 
m the presence of 15 per cent acetone or 25 per cent glacial acetic 
acid, we have not found any adsorption of added dextrose to occur 9 
When the reducing power of such clarified urine is estimated by 
Bang’s method before and after twenty-four hours fermentation 
with fresh brewers' yeast there is not infrequently more reduction 
after fermentation than before 


o Cf Woodyat and Helmholz Journ of Exp Med , vn, p 598, 1910 
Andersen Biochem Zeilschr , uwn, p 262, 1911 
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Before 

After 

0 0S3 

0 072 

0 039 

0 042 

0 0S7 

0 062 


It is therefore impossible to estimate the amount of dextrose 
in urine by the difference in reducing power, as estimated by Bang’s 
method, before and after fermentation 

These results raised the suspicion that yeast might produce 
some substance which, although not sugar, caused reduction with 
Bang’s solution 

We have therefore compared the reducing power as estimated 
by Bang’s, Alhhn’s and Bertrand’s methods of (1) a 10 per cent 
suspension of yeast in water, (2) a 10 per cent suspension of yeast 
in dextrose solution and have found that there is alwajs some reduc- 
tion by Bang’s method but none, or the merest trace by the other 
methods For example, one per cent dextrose solution after fer- 
mentation for twenty-four hours gave 0 07 per cent dextrose (?) 
(Bang) and 0 002 (Allihn) 

These results probably explain the high residual reduction found 
by Lytthens, el al , in blood after j east fermentation, and from 
which they conclude that a considerable proportion of the reducmg 
substance m blood is other than dextrose Thus m blood plasma 
(dog) we have found 


Percent dextrose before fermentation ( Bang 0 166 

\ Bertrand. 0 165 

Percent dextrose after twentj -four / Bang 0 060 

hours fermentation \ Bertrand trace 


A NEW METHOD FOR THE DETERMINATION OF HEPPURJC ACID 

IN URINE 

Br OTTO FOLIN and FRED F FLANDERS 
(From the Laboratory of Biological Chemistry, Harvard Medical School ) 

The method is based on the hjdrolysis of hippunc acid, the 
extraction of the benzoic acid with chloroform and titration with 
sodium ethylate 10 

To 100 cc urine add 10 ce normal NaOH Evaporate to dry- 
ness on steam bath Boil the residue hours in a 500 cc Kjeldahl 

10 Journ of the Amer Chem Soc , xxxm, p 161, 1911 
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flask, fitted with Hopkms condenser, with 25 cc of water and 25 
cc of concentrated HN0 3 Dilute to 100 cc , saturate with am- 
monium sulphate and extract -Rath 50, 35, 25 and 25 cc portions of 
chloroform Shake the extract with 100 cc of saturated NaCl con- 
taining 0 5 cc of concentrated HC1 per liter Separate and titrate 
uath -rs- sodium ethylate The method gives theoretical results 
on pure hippunc acid and excellent duplicates on urine 

SYNTHETIC ACTION OF ENZYMES 
By H C BRADLEY 

( From the Laboratory of Physiological Chemistry, University of It isconsin ) 

A comparison of the fat content and lipase activity of various 
vertebrate livers showed no apparent relation between the two 
Dish livers which are evidently active in the storage and utiliza- 
tion of fat, may contain ten times as much fat as mammalian liver, 
on the other hand the latter may be nearly ten times as active 
hpolytically as the former A quantitative comparison of lipolytic 
activity appears of doubtful value in supporting the theory of the 
synthetic function of enzymes in tissues 

Mammary glands from goats and other animals taken at the 
height of lactation have thus far failed to show the presence of 
lactase, the enzyme which should synthesize as well as hydrolyze 
lactose Lipase of the active gland is much less abundant than in 
the liver of the same animal The autolytic ferments of mammary 
and liver tissues are about equal as measured by the rate of diges- 
tion of a sodium casemate solution It has thus far been impossible 
to secure definite evidence of the symthetic function of enzymes m 
living tissues 

note on the inorganic constituents of human blood 11 

By C C BENSON 

( From the Laboratory of Biochemistry, University of Toronto ) 

Whole blood and serum were analyzed for sodium, potassium, 
magnesium, calcium and chlorine, using modern methods The 
results of analyses show slight variations from earlier analyses 


11 Read bj title 
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ON SPHINGOSIN 

B\ P A LEVENE and W A JACOBS 
(From the Roclcfellcr Institute for Medical Research ) 

Sphingosin was discovered first by Tudichum on hydrolytic 
cleavage of phrenosm It was rediscovered later by Thierfelder 
on decomposition of cerebron Regarding the chemical structure 
of the base there existed very little information bej r ond the knowl- 
edge of its empirical formula This was presented as C17H35N1O2 
The present work was undertaken with a men of elucidatmg the 
structure of the base The w ork is still m progress, but the data 
already obtained lead to the conclusion that sphingosin is an 
unsaturated ammo-alcohol of the olefine senes 
The data on which the conclusion is based are the following 
The substance contains all its nitrogen m form of primary ammo- 
nitrogen, it forms a triaeety Idenvative, which no longer contains 
the ongmal pnmary ammo group It absorbs hydrogen in a pro- 
portion equivalent to one unsaturated bond The substance ob- 
tained by the last process has the composition of dihydrosphmgo- 
sm, C a H 37 NO, It was analyzed as its tnacety Idenvative 
In connection with this mention must be made of the fact that 
the substance obtained by Thierfelder m the filtrate from sphmgo- 
sm sulphate and which is desenbed as a nameless base, is m 
fact dimethylsphmgosm, which is formed in the process of pre- 
paring sphingosin This view is based on the results of the deter- 
mination of the methyl groups present m the molecule of the name- 
less base 


ON GLYCOLYSIS 1 

BtP A LEVENE urn G M MEYER 
(From the Rockefeller Institute for Medical Research ) 

The work of the previous year brought to light the facts that 
the action of tissue extracts on glucose was either altogether nega- 
tive, or consisted m a condensation of the monosacehande into 
a more complex form Thus, the problem of the study of gly coly- 
sis had not been furthered by those experiments, and it remained 

r Kcad bj title 
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necessary to discover a method by which could be studied the 
chemical process of sugar degradation within the living tissues 

It was concluded to employ for these experiments leucocytes 
obtained under aseptic precaution and to perform the experiments 
under perfectly aseptic conditions There was noted a marked 
fall of the reducing power of a sugar solution kept m contact with 
the leucocytes After the action of the leucocytes the sugar solu- 
tion could not be brought to its original reducing power by hoilmg 
with mineral acids 

The analysis of the products of gh colysis under such conditions 
revealed the absence of carbonic acid, or of any volatile acids 
The only substance obtained from the reaction mixture was lactic 
acid This was identified as its zmc salt The value of the lactic 
acid obtained m the experiments was lower than that of the sugar 
decomposed by the 1000003^03 Control experiments with leuco- 
cytes failed to discover lactic acid Thus, it is for the first time 
definitely established that lactic acid is an intermediate product 
of gfycolysis 


ON THE PICRATE OF GLYCOCOLL » 

BiP A LEVENE and D D VAN SLYIv'E 
( From the Rockefeller Institute for Medical Rescan h ) 

In a previous publication b} r one of us (L ) the picrate of glycocoll 
was described having the composition of C2H5NO2 CeBbfNOcb, and 
the M P = 190° C The present investigation brought to light 
the fact that this substance was a mixture of glycocoll picrate of the 
composition (CoHsNCb^ CsHafNCb^, and of picric acid Digly- 
cocoll picrate is a verj r stable salt, which can be recrystalhzed with- 
out altering its composition and its melting point The melting 
point of digfycocoll picrate = 201° C (corrected), on the other 
hand it is possible to prepare artificial mixtures of the picrate and 
of picric acid which melt as 191° C 
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A METABOLISM STUDY ON A FASTING MAN 

BtPAULE HOWEaxdP B HAWK 
( From the Laboratory of Physiological Chemistry, University of Illinois ) 

A second seven-day fast on "Subject E” was reported The con- 
ditions of experimentation were as follows, a preliminary period, of 
high protein ingestion, 21 86 grams of nitrogen per day, a fasting 
period with constant water ingestion, a low protein feeding period, 
5 23 grams of nitrogen per day for four davs, and a final high pro- 
tein feeding period, 21 86 grams of nitrogen per day for five dajs 
Observations were made on the changes m body weight and the 
total mtrogen, urea, ammonia, creatinine and creatine excretions 
The phosphates, chlorides, acidity and hjdrogen ion concentra- 
tion of the urine n ere also determined but not reported Data on 
indican, ethereal sulphates and fecal bacteria were reported m an- 
other connection 

The effects produced by the ingestion of a high protem diet 
previous to the fast as compared with those obtamed in the previous 
fast which was preceded by a Tow protem period, were, a high rate 
of protem decomposition during the fast with an unusually high 
mtrogen excretion on the third day, a higher creatinine mtrogen 
excretion for the first three days of the fast which approximated 
the creatinine excretion of the first fast for the last four dajs, 
the same percentage relations between the total nitrogen and urea 
mtrogen excretions, a smaller loss of body weight 

Dunng the feedmg period there were negative mtrogen balances 
with slight gams in weight dunng the low-protein feedmg penod 
and positive mtrogen balances and marked gains in weight for the 
high protem feedmg penod There was a gam m weight of 4 11 
kg in eight days with a mtrogen retention of but 4 52 grains on an 
intake of 108 2 grams of nitrogen as contrasted with a gam of but 
3 08 kg m weight and a retention of 25 20 grams of mtrogen on an 
mtake of 130 3 grams of mtrogen for the first fast The data indi- 
cate that this gam was largely of non-mtrogenous substances other 
than water If we accept the percentage distnbution of mtrogen 
as a cntenon of normal metabolism there was a return to such 
a condition on the fourth daj of feedmg 
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HYDROGEN ION CONCENTRATION OF FECAL EXTRACTS 

Bi PAUL E HOWE xnd P B HAWK 
(Fiom the Laboratonj of Physiological Chemistry, University of Illinois) 

The acidity of fecal extracts was determined during a senes of 
experiments upon the effect of water-drinking with meals and dur- 
ing a seven-day fasting period and the subsequent feeding penods 
which consisted of a low- and a high-protem period The general 
type of the diet was the same m all cases The Salm type of hydro- 
gen electrode cell was used The feces were extracted, by means of 
centrifugation, with 0 5 normal solution of Na^SO.) A mixture 
of 0 2 mole of Na^HPCh and 0 1 mole of NafTPO^ was used as 
the standard of comparison A two gram sample of moist feces 
was used in each instance 

The hydrogen ion concentration of the fecal extracts did not 
show any pronounced changes as the result of the ingestion of in- 
creased amounts of v ater, with meals — the results varjung between 
1 X 10~ 8 and 0 1 X 10~ 8 mole of hydrogen ion per liter As the 
result of fasting there was in general a decrease m the hydrogen 
ion concentration, from an average of 5 3 X 10~ s for the normal 
fasting period to 1 2 X 10 -8 for the two fasting stools The hydro- 
gen ion concentration is different for different individuals on the 
same diet but in general lather uniform for each individual 

CONNECTIVE TISSUES OF LIMULUS “ 

BiH C BRADLEY 

( From the Laboi aloi y of Physiological Chemist) y, University of Wisconsin 

A chemical study of the cartilage-like connecting tissues of the 
gill plates of limulus, and the fibrous and tendon-like tissues to 
which the pedal muscles are attached 
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THE RESPIRATION CALORIMETER AND ITS USES FOR THE STUDY 
OF PROBLEMS OF VEGETABLE PHYSIOLOGY 11 

BtC F LANGWORTHY avdR D MILNER 
(From the OjEce of Experiments Stations, b S Department of Agriculture ) 

In reconstructing the Atwater respiration calonmeter which was 
transferred at the death of Professor Atwater from Middletown to 
the laboratory of the Department of Agriculture, improvements 
were introduced m the devices for controlling the temperature 
of the w ater flowing through the calonmeter, w hich carnes out the 
heat generated m the chamber, and for automatically recording 
the difference m temperature of the water as it enters and as it 
leaves the chamber 

This calonmeter has recently been applied to a new line of inves- 
tigations concerned with the npening of fruit Several bunches 
of bananas w r ere placed in the chamber and kept under observa- 
tion during npening, the oxygen consumption, carbon dioxide 
excretion and heat elimination bemg determined The data ob- 
tained indicate that physical and chemical factors of both theoreti- 
cal and practical value may be measured with the respiration 
calonmeter, and afford evidences of the adaptability of this instru- 
ment to the study of fundamental problems of plant life 

A new respiration calonmeter especially constructed for the 
*>tudy of the problems here alluded to is nearly completed m which 
the size of the chamber is reduced and m which such recording and 
controlling devices have been introduced as to make the apparatus 
nearly automatic m its operation 

ON THE EXCRETION OF FORMALDEHYDE, AMMONIA AND HEXA- 
METHYLENAMINE » 

Br HUGH McGUlGAN 

(From the Laboratory of Pharmacology, Northwestern Unnersily Medical 

School ) 

When formaldehyde is injected intravenously it is oxidized with 
surprising rapidity One hundred cubic centimeters of 1 per cent 
formaldehyde, injected into a 10 pound dog in the course of one 
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and one half hours, completely disappeared from the blood within 
thirty minutes after the injection Only formic acid was present 
in the urine Formaldehyde is also excreted into, but less rapidly 
oxidized m, the intestme In other instances free formaldehyde 
was found m the urine, only when large doses were given 
A like amount of hexamethylamme, injected m the same manner, 
could be found m the blood several hours after the injection It 
was also found (formaldehyde test) in the urine, bile, intestines, 
eye, saliva, bronchial secretions, ammotic fluid, eggs (hen) and 
sweat (human) 

Free formaldehyde is at least much harder to detect in these 
fluids The tests in most cases were negative 

Ammonia is not excreted by the lungs Combined with formal- 
dehyde, however, it is found in the bronchial secretions From 
the similarity of the alkaloids to ammonia it was thought that, per- 
haps morphine, which is not excreted normally by the kidneys, 
might pass through if administered with formaldehyde No posi- 
tive result on this point has been obtained 

GLYCOLYSIS, AS MODIFIED BY REMOVAL OF THE PANCREAS 
AND BY THE ADDITION OF ANTISEPTICS 16 

Bi H McGUIGAN and C L von HESS 

( From the Laboratory of Pharmacology, Northwestern University Medical 

School ) 

Repetition of previous work showed that mixtures of extracts of 
normal muscle and of pancreas, with toluol or chloroform added 
as an antiseptic, caused no or only shght glycolysis, but not more 
than normal muscle extract alone 

The above suggestions are open to two criticisms 
1 (Suggested by Woodyatt, also by Oppenheimer) if, by Colin- 
heim’s theory, there be a pancreatic internal secretion, the normal 
muscle would probably contain enough of it to exert maximal 
glycolysis, hence no change will be obtained by the addition of pan- 
creatic extract However, muscle of pancreatectomized dogs, 
similarly tested, gave no action on glucose either with or without 
the addition of pancreatic extract 
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2 Aseptic glycolysis of y east or of blood is greatly inhibited by 
mtiseptics in the concentrations used in the muscle experiments 
3?he foregoing method, which involves the use of antiseptics, de- 
stroys normal glycolysis to such a degree that the results obtained 
by it can prove neither the presence nor the absence of an internal 
secretion of the pancreas It further indicates that normal gly- 
colysis is due more to cellular than to enzyme activity' 

EFFECT OF THE QUANTITY OF PROTEIN INGESTED ON THE 
NUTRITION OF ANIMALS VI ON THE CHEMICAL COMPOSI- 
TION OF T HE ENTIRE BODY OF SWINE 11 

By A D EMMETT, W E JOSEPH axd R H WILLIAMS 

(From the Laboratory of Physiological Chemistry, Department of Animal 
Husbandry, University of Illinois ) 

Three lots of j'oung pigs, four in a lot, were fed on low, medium, 
and high protein planes One pig of the low protein lot and two 
from each of the medium and high protein lots were subjected to 
detailed slaughter tests as soon as the medium or standard fed 
pigs reached marketable weight and condition The various parts 
of the animals were analyzed 

It was found (I) That, out of the four pigs kept on the low 
protein plane, three died before the close of the experiment These 
pigs grew slowly, were drowsy, lacked vigor and became stiff in 
their joints The pigs of the other two lots were thnfty, in good 
condition and grew normally' Blood counts showed no definite 
differences (II) That the average daily gams for the 174 days 
of individual feeding w ere 0 33, 0 85, 0 90 pounds respectively for 
the Ion, medium, and high fed lots From the standpoint of 
economy of gams, the medium protein-fed lot made the best shov- 
ing (III) That the chemical data for the entire bodies of the 
five slaughtered pigs show ed the medium and high protein-fed lots 
to be remarkably similar m their percentages of w ater, fat, protein, 
ash, and phosphorus The pig of the low protein lot had a low 
percentage of fat and a high one of ash and phosphorus Compar- 
mg the data from the five animals with the average of tw o repre- 
sentative pigs, slaughtered at the beginning of the experiment, 
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the percentage increase of dry substance, protein, fat, ash, and 
phosphorus was lowest in the low protein-fed pig In case of the 
medium and high protein-fed pigs the percentage of increase of the 
nutrients was practically the same In the majority of instances 
the differences between the averages within the lots were greater 
than those between the averages of the lots (IV) That the aver- 
age chemical composition of the bodies of the five pigs, at about 
200 pounds live weight and in good marketable condition, was on 
the fresh basis water, 45 74, protein, 14 38, fat, 37 20, ash, 
3 84, and phosphorus, 0 673 per cent 

THE EFFECT OF QUININE ON CULTURES OF PNEUMOCOCCI 11 
A Preliminara Report 
Bt 0 H BROWN 

( From the St Louis University School of Medicine ) 

Numerous reports of apparent specific curative effects of large 
doses of quinine in penumoma led me to use it m a small number of 
cases of this disease While the results were highly satisfactory, I 
afterward concluded that they were probably accidental because 
of the apparently trustwoithy claims made by other clinicians 
that quinine failed to show any beneficial result m their cases 
I have however carried out tests upon the antiseptic power of 
quinine and its salts of citric, sulphuric and salicylic acids upon 
pneumococci %n mtro Sterile tubes of human blood bouillon 
were prepared, half of them containing quinine in the form and 
percentage (0 05-0 1 per cent) which I desired to test Inocu- 
lations into plain bouillon (control) and into quinine bouillon 
were made Plate cultures on blood agar made immediately and 
afterward at varying intervals showed the growth or destruction 
of pneumococci m such tube Thirty strains of pneumococci 
from various sources have been tested The results showed 
(1) Pure quinine is more destructive to pneumococci than are its 
salts (2) The time required for 0 1 per cent quinine to kill 
pneumococci vanes from twentj' minutes to four or five hours 
(3) Other organisms, such as streptococci and staphylococci, are 
destroyed only by much longer exposure to quinine 
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maintenance and growth 

Bt THOMAS B OSBORNE LAFAYETTE B MENDEL 

{From the Laboratories of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry of Yale Uni- 
versity ) 

In connection with the authors' feeding experiments with isola- 
ted food-substances it has been found that diets which are satis- 
factory for the maintenance of full-grown animals are entirely 
inadequate to induce growth in ungrown individuals The sus- 
pension of growth on a maintenance diet here referred to is not 
that caused fry an insufficient supply of energy, but is a retarded 
development associated with the chemical make-up of the diet 
These chemical features of the diet essential for proper growth 
involve not only the type of protein, but likewise certain non-pro- 
tein components (presumably- the inorganic ingredients) Dwarf- 
ing, in the sense of mamtenance of both weight and size, can readily 
be brought about m young animals, and the capacity to grow can 
be maintained unimpaired by such stunted individual for many 
months The non-protein constituents of the diet can be pre- 
pared from the protem-free portions of cow’s milk (protein-free 
milk) m a form suitable to permit proper growth The expen- 
mental records of rats, selected as the animals for study' because 
they manifest the utihzation of a suitable diet speedily by measur- 
able changes m size, are presented m Publication 156, Part II, 
Carnegie Institution of W ashington (1911) 

THE STUDY OF ENVIRONMENT 
Br WILDER D BANCROFT 

{From the Department of Physical Chemistry, Cornell University ) 

When studying the effect of environment on an organism, we 
must distinguish three distinct things the direct effect of new 
external conditions involving no adaptation, the adaptation of the 
organism to the new conditions, and the possible inheritance of 
the adaptations The botanists have not made these distinctions 
They consider the change of curvature of tendrils with change of 
temperature as a case of non-adaptive response, whereas it has no 
more to do with adaptation than the shortening of a fishing-line 
when it is wetted 
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The problem of the inheritance of acquired characters has been 
complicated unnecessarily by the arbitrary limitation that the 
character must be inherited for four or five generations after the 
organism has been brought back to the original surroundings 
Since an organism which responds readily to a new environment 
will also revert readily when brought back, this definition has 
probably excluded most of the cases in which the inheritance of 
acquired characters could be shown The biologists seem never 
to have realized that inheritance is primarily a hysteresis phenom- 
enon and should be studied as such 

THE SYNTHESIS OF THIOTYROSINE 
By TREAT B JOHNSON 
( From the Sheffield Laboratoi y of Yale University ) 

A knowledge of this new ammo-acid was especially desirable, 
in order to acquire a more definite conception of the true nature 
of sulphur combinations m proteins The acid has been prepared 
by the application of a new, general method for the synthesis of 
a-anuno acids and its chemical properties are now being studied 

The most important characteristic of the acid, so far observed, 
is the fact that it does not give Millon’s test On the other hand, 
it gives, on warming the concentrated sulphuric acid, as charac- 
teristic color reaction as the Millon’s test is characteristic for 
tyrosine This study is one of a projected series on new sulphur 
combinations which has been planned for the Sheffield Laboratory 

THE RELATION OF OHIO BOG VEGETATION TO THE CHEMICAL 
NATURE OF PEAT SOILS 

Bi. ALFRED DACHNOWSKI 
(From the Department of Botany, Ohio Slate University ) 

Analyses are submitted showing that several types of vegeta- 
tion of varied giowth-form occur upon a habitat essentially 
similar m range of chemical composition The prime conditions 
determining distributional relationships and succession are not 
the mineral salts in the soil but biochemical processes The vari- 
able composition of peat renders it necessary to determine experi- 
mentally what organic substances are absorbed and of value or 
injurious m nutritive metabolism 
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PHYTOCHEMICAL STUDIES IN CYAN 0 GENESIS 

BiC I ALSBERG ivd 0 F BLACK 
(From the Bureau of Plant Industry, U S Department of Agriculture ) 

The relation between the nitrates in the soil, nitrification dur- 
ing drought, and cyanogenesis in sorghum, based on experiments 
done at the Arlington Farm m the course of the past summer, is 
discussed, and an incidental error in the common method of deter- 
mining hydrocyanic acid in plants is pointed out 

THE NITROGEN EXCRETION OF THE MONKEY, WITH SPECIAL 
REFERENCE TO THE METABOLISM OF PURINES 

B\ ANDREW HUNTER axd MAURICE H GIVENS 
(From the Department of Physiology and Biochemistry, Cornell University } 

A female monkey ( Cercopithecus calhlnchus), weighing 4 7 kilo- 
grams, was maintained for forty days on a daily ration of 200 cc 
whole milk, 200 grams bananas, and 20 grams peanuts The urine 
was collected every forty -eight hours For the first sixteen da\s 
the average daily excretion of N was 1 83 grams, distributed as 
follows urea, 1 59, NHa, 0 028, creatinine, 0 065, allantoin, 0 015, 
purines, 0 0027, undetermined, 0 13 grams N, or, urea 86 9, NH 3 , 
1 5, creatinine, 3 5, allantoin, 0 82, purines, 0 15, undetermined, 
7 1 per cent of total N Uric acid could not be detected 
During the remainder of the experiment attention was deioted 
particularly to the metabolism of endogenous and exogenous punnes 
On se\ en normal two-day periods the excretion of allantoin N 
ranged from 27 0 to 31 8, that of punne N from 4 7 to 10 3 mgs 
On five penods, each interpolated between two normal ones, doses 
of 0 5, 0 5, 1 0, 1 0, and 2 0 grains sodium nucleate were adminis- 
tered Of the punne N thus fed 90, 56, 41, 24, and 29 per cent 
respectively of the theoretical!}' possible v,as recoi ered in the form 
of allantoin and unnar} purines Of the amount so recovered 79 
to 98 per cent took the form of allantoin, after the second dose of 
0 5 grams 2 per cent, and after 2 0 grams 9 per cent appeared as 
uric acid In normal penods allantoin accounted for 71-S7, in 
nucleate periods 77-86, per cent of the total punne-allantom N 
In respect of the ratio between allantoin and punne excretion the 
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species examined resembles the lower mammals rather than man 
On the other hand we did not meet with the almost quantitative 
conversion of exogenous purines into allantom, which has been 
reported for the dog 

THE DEFINITION OF NORMAL URINE 15 
By JOHN H LONG 

(F rom the Laboratoi tj of Physiological Chemistry, Northwestern University 

Medical School ) 

Our notions as to what is a normal urine have undergone many 
changes m the years which have elapsed since the first attempts 
were made to establish standards The same individual, at one 
time on a high protein diet and again on a low protein diet, will 
excrete urine which may be markedly different in many ways, and 
yet both be normal 

Improved methods of examination have shown that hyaline 
casts are much more frequent!}' present in the urme of healthy 
men than was suspected a few jmars ago, and it must be admitted 
that traces of albumin occur in the urines of men, who, from all 
ordinary points of view are perfectly well 

The statement as to what constitutes normal urine must take 
cognizance of these facts and of the further fact that for each 
individual there seem to be agencies at work which modify the 
nitrogen distribution, the acidity and the neutral sulphur in ways 
which we cannot account for In a certain sense each individual 
has his own standard of normality 

SHOULD THE TERM PROTAGON BE RETAINED 
Bi WALDEMAR KOCH 

( From the Laboratory of Physiological Chemistry and Pharmacology, Uniter- 

si ty of Chicago ) 

Data were presented which indicated that the preparations 
referred to as protagon contain at least three substances a phos- 
phatid containing chohn, a cerebrosid-eontaming sugar, a complex 
combination of a cholm-free pliosphatid with a cerebrosid to which 
an ethereal sulphuric acid group is attached The term protagon 
cannot therefore be said to have any chemical significance The de- 
tails will be presented m a more extended publication 
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OXIDIZING ENZYMES IN CERTAIN FUNGI PATHOGENIC FOR 

PLANTS 

By H S REED AND H S STAHL 

(From the Laboratory of Plant Pathology, Virginia Agriculture Experiment 
Station, Blacksburg, Virginia ) 

The oxidizing ability of the plant extract is often altered as a 
result of the invasion of parasitic fungi The extracts of apples 
invaded by Sphaeropsis malorum show no oxidizing powers what- 
ever Apples attacked by Glomerella ruformaculans show on the 
contrary a somewhat increased oxidizing ability When grown 
in pure culture on synthetic media Glomerella develops oxidizing 
enzymes m certain media but not in others 

MODIFIED COLLODION MEMBRANES FOR STUDIES OF 
DIFFUSION *» 

Bi WILLIAM J GIES 

(From the Laboratory of Biological Chemistry of Columbia Unuersity, at 
the College of Physicians and Surgeons, New York ) 

Lipins and many substances which dissohe m ether, alcohol 
and similar solvents can be dissolved, in large proportions, m 
U S P collodion solution without inducing precipitation of the 
collodion Such mixed solutions, when treated in any of the usual 
w ays for the production of collodion membranes, yield composite 
homogeneous products If the proportion of added substance is 
not too large it is whollj incorporated uniformly m the resultant 
composite membrane Lecithin, cholesterol, lard, olive oil, 
rubber, alcohol-ether soluble protein, organic pigments, feme 
sulfocj anate and many other substances have been incorporated 
homogeneously in such modified collodion membranes Mem- 
branes prepared in this way show interesting differences m per- 
meability in diffusion experiments, according to the general 
nature of the incorporated materials Such membranes promise 
to afford valuable means of studying cell permeability and osmosis 
w general under biological conditions I am proceeding with 
various types of experiments with such modified collodion mem- 
branes in the hope of extending our knowledge m these particular 
directions 
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A METHOD FOR DIFFERENTIATING BETWEEN “METABOLIC" 
AND RESIDUAL FOOD NITROGEN OF THE FECES 21 

B-i MORRIS S FINE 

(From the Sheffield Laboratory of Physiological Chemistry, Yale University) 

It is hardly necessary to point out that the nitrogen of the feces 
is m great part composed of bacteria, unabsorbed intestinal secre- 
tions, etc If the quantity of this “ metabolic” nitrogen were 
known, the nitrogen of the food actually escaping absorption could 
readily be estimated Investigators have sought a measure of the 
“metabolic” nitrogen in the feces obtained during starvation or 
from a digestible non-mtrogenous diet, or the attempt has been 
made to differentiate by chemical means As a rule, such methods 
do not take into account the fact that the indigestible materials, 
e g , cellulose and hemicellulose such as are present in cereals, 
legumes, etc , show a marked tendency to increase the elimination 
of fecal material That this is a consideration of some import- 
ance is shown in a paper from this laboratory, now in press The 
following procedure is believed to offer certain advantages over 
those hitherto proposed From the fecal nitrogen accruing from 
a given diet is subtracted the corresponding value resulting from 
a non-mtrogenous diet, yielding practically the same amount of 
feces Such a non-mtrogenous diet may be conveniently obtained 
by adding agar-agar to non-mtrogenous food whose calorific equiv- 
alent does not differ materially from that of the diet under investi- 
gation The result thus obtained represents the amount of nitro- 
gen of the latter diet which has escaped utilization 

BIOCHEMICAL AND BACTERIOLOGICAL STUDIES OF THE BANANA 21 
B-i E MONROE BAILEY 

(From the Connecticut Agricultural Experiment Station ) 

An earlier study 12 has been extended Enzymes concerned m 
ripening piocesses have been investigated, and in addition, bac- 
teriological and chemical examinations of the fruit m various stages 
of maturation have been made Amylase, sucrase, raffinase, pro- 
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tease, lipase, and peroxidase were 'detected Tests for maltase, 
dextnnase and lactase were doubtful or negatn e The inner por- 
tion of the pulp of sound fruits appears to be sterile, but theregions 
of the inner coats of the peel may be sparsely inhabited by bacteria 
As ripening progresses, starch disappears and thecontentof alcohol- 
soluble sugars and dextrine increases Maltose could not be de- 
tected 

PREPARATION OP CREATINE AND CREATININE PROM URINE 
By STANLEY R BENEDICT 

ESTIMATION OF CREATININE 
Bt STANLEY R BENEDICT 

CREATINE ELIMINATION IN THE PREGNANT DOG 
Bt J R MERLIN on> H I MULLER 

THE IODINE CONTENT OF THYROID GLANDS OF SHEEP FED 
MAINLY UPON MARINE ALGAE 

Bt ANDREW HUNTER avd SUTHERLAND SIMPSON 

RECOVERY OF ALCOHOL FROM ANIMAL TISSUES 
Bt P J HANZLEK 53 

CHANGES IN THE COMPOSITION OF BLOOD AND MUSCLE FOL- 
LOWING DOUBLE NEPHRECTOMY AND BILATERAL URETERAL 
LIGATION 

BiH C JACKSON 


Journal of Biological Chemistry, xi, p 61, 1912 




STUDIES IN NUTRITION 

V THE UTILIZATION OF THE PROTEINS OF COTTON SEED 


By LAFAYETTE B MENDEL and MORRIS S FINE 

(From the Sheffield Laboratory of Physiological Chemistry, Pale Unnersily, 
New Haven, Connecticut ) 

(Received for publication, September 25, 1911 ) 

The influence of cotton-seed on the well-being of cattle has been 
extensively investigated in this country, the protein of this mate- 
rial being 88 per cent 1 utilized by steers or sheep It was of interest 
to learn to what extent this substance was utilized by dogs, the 
alimentary canal of which more closely resembles the human diges- 
tive tract Such experiments are of special import, inasmuch as 
cotton-seed flour bids fair to become an important article m the 
human dietary As far as we are aware, an investigation of this 
nature is not on record 5 

EXPERIMENTAL PART 
Product Employed 

The cotton-seed 5 flour of these experiments was a deep yellow 
impalpable powder, containing 7 4 per cent nitrogen Traps* 
found similar samples to have 4 0 to 6 5 per cent crude fiber 
Cotton-seed flour contains some pentosans but no starch 5 


1 Cf Fraps Texas Agricultural Experiment Station, Bull 12S, 1910 
‘ Correspondence -with Dr C F Langworthy and Dr Marion Dorsett, 
of the United States Department of Agriculture, also fail to reveal any lit- 
erature on this subject 

5 Obtained from the Southern Cotton Oil Company, Charlotte, N C 
4 Fraps foe ci( 

* Fraps loc cii 
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2 Utilization of Cotton Seed Proteins 

Metabolism Experiments 

In Table 1 are recorded three experiments on the utilization of 
cotton-seed flour The usual method of procedure 6 7 prevailed 
The daily supply of cotton-seed contained 2 to 3 grams of crude 
fiber The cotton-seed feces of dogs 5 and 6 were hydrolyzed 
according to the method outlined in a previous paper, 1 and yielded 
a daily average of respectively 5 and 3 5 grams of hemicelluloses 
The diets of these two dogs, therefore, included 7 5 and 6 grams of 
indigestible non-nitrogenous substances This, however, cannot 
account for the manifestly poor utilization of the cottonseed nitro- 
gen The coefficients of 67 to 75 per cent for cotton-seed contrast 


TABLE 1 

Cottonseed Flour 



Dog S 

PERIOD XIX 

(4 dajs) 

Cotton-seed Feed- 
ing 

Dog 6 

PERIOD tx 

(4 days) 

Cotton-seed Feed- 
ing 

Dog 7 

PERIOD it 
(3 days) 

Cotton-seed Feed 
Ing 


grams 

prams 

gram » 

' 

Cotton-seed 

Cotton seed 

Cotton-seed 


Flour 45 

Flour 45 

Flour 45 


Sugar 25 I 

Sugar 25 

Sugar 20 


Lard 20 

Lard 20 

Lard 25 

Composition of daily diet ■ 

Water 225 

Water 225 

Agar 3 

Bone Ash 7 
Water 175 


Estimated 

Estimated 

Estimated 


calories 410 

calories 410 

calories 440 

Nitrogen output 

Dolly A verages 

Daily Ai eroges 

Dolh A\ emr.es 

Urine nitrogen, gm 

2 61 

2 61 

| 2 55 

Total nitrogen, gm 

3 51 

3 70 

3 45 

Nitrogen in food, gm 

3 32 

3 32 

3 59 

Nitrogen balance, gm 

-0 20 

-0 38 

+0 14 

Feces 




Weight air dry, gm 

23 5 

23 9 

31 7 

Nitrogen, gm 

0 91 

1 09 

0 90 

Nitrogen, per cent 

3 87 

4 57 

2 84 

Nitrogen utilization, per 




cent 

72 6 

67 2 

74 9 


6 Cf Mendel and Fine This Journal, x, p 303, 1911 

7 Cf Mendel and Fine Ibid , \, p 339, 1911 
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str ikin gly with those of 88 to 93 per cent for meat diets containing 
comparable or greater amounts of such indigestible materials 
(See Table 2 ) There is of course the possibility that the cotton- 
seed flour employed m this study contained some constituent 8 
which either inhibited secretion or promoted premature evacua- 
tion — conditions which would result in poor utilization 


TABLE 2 


Utilization with Reference to Indigestible Materials in the Diet * 
Daily Averages 



5 | xi\ 4 1 

6 1 xx 4 > Cotton seed 

7 | ix 3 jj 

5 | xvm | 4 !) 

6 xi\ 4 ) Meat 

7 1 xvin 4 J 

1 

5 , xt 4 I Meat 

6 1 xw 4 Bone ash, o gri 

7 | xv 4 J Agar, 2 grams 


grams grams | grams per cent 1 per cent 

f 3 8t ; 3 3 72 6 

| 3 6t | 3 3 67 2 71 6 

[ 3 14J I 3 6 75 0 

f 6 6 3 3 90 5 

| 6 6 3 3 89 2 91 0 

[ 6 ! 6 ; 3 3 93 3 

i 

f 6 13 3 3 91 6 ' 

{ 6 13 ' 3 3 ST T i 89 2 

[ 6 ; 13 3 8 88 3 i 


TM 3 problem will be treated In detail la a subsequent paper of thLs series 
t Including respectively about 5 grama and 3 gram 3 hemlcelluloses which escaped digestion 
♦ Including approximately i grazna Indigestible hemlcellulosea (exclusive of agar) I e the aver- 
age of 5 grams and 3 grams An actual determination of tbe hemlcellulosea of the feces of this 
experiment Tvaa not made 


* Cf Crawford Journ of Pharm and Exper Tker , i, No 5, p 519,1910 







STUDIES IN NUTRITION 

VI THE UTILIZATION OF THE PROTEINS OF EXTRACTIVE-FREE 
MEAT POWDER, AND THE ORIGIN OF FECAL NITROGEN 

Bt LATAYETTE 3 MENDEL and MORRIS S FINE 

(From the Sheffield Laboratory of Physiological Chemistry, Yale Unuersily, 
Hew Haven, Connecticut ) 

(Received for publication, September 25, 1911 ) 
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The Utilization of Extractive-Free Meat Powder 

EARLIER STUDIES 

Forster was the first to conduct an investigation with this mate- 
rial His immediate problem was the question of salt metabolism, 
but incidentally we note that the mtrogen was 91 to 96 per cent 
available During the past twenty years, considerable attention 
has been paid to the comparative utilization of fresh meat and 
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The Utilization of Proteins 


dried meat preparations, for example, “soson,” “somatose,” 
“tropon,” and the meat residues from meat extract factories 
Passmg over the literature previous to 1901, we may dwell briefly 
upon the results obtained by Prausmtz, which are in general accord 
with those of the earlier workers The average coefficient of 
digestibility of dried meat was 90 per cent against a coefficient 
of 93 per cent for fresh meat Moreover the nitrogen concentra- 
tion of the dried-meat-feces was 1 35 to 1 76 per cent higher than 
the fresh meat feces These facts make it probable that a portion 
of the dried meat had escaped absorption Prausmtz also showed 
that dried meat was less readily digested m artificial gastric juice 
than fresh meat He accounted for these phenomena on the 
assumption that a not inappreciable length of time elapses before 
the dried meat particles are sufficiently “hydrated” to permit the 
digestive enzymes to operate Max Vo it found similar although 
less striking differences 

Considerable work has also been accomplished with dried blood 
preparations, but a consideration of these investigations would 
lead us too far afield 


EXPERIMENTAL PART 

Product Employed 

The meat residue 1 employed in the present studies was a light 
brown impalpable powder, containing 13 2 per cent of nitrogen, 
8 9 per cent of ether extract, 2 5 per cent of ash, and 7 0 per cent of 
moisture 

Metabolism Experiments 

Tables 1-3 During these experiments, the methods described 
m a previous paper 2 were followed The utilization of the nitrogen 
of meat powder is distinctly, although slightly leaver than that of fresh 
meat The relatively high nitrogen concentration of the meat powder 
feces is indicative of a loss of this material through the excrement 
These points are concisely presented in the accompanying brief 
tabular summary 

1 Obtained from Armour and Companj 

: Mendel and Fine This Journal, \, p 303, 1911 
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Summary of the Data on Nitrogen Utilization ( see Tables 1-S ) 


7 


DOG 

i 

MEAT POWDER ! 

FRESH MEAT (AVERAGES) 

Nitrogen 

utilization 

Nitrogen In feces 

Nitrogen 

utilization 

Nitrogen In feces 


per cent 

per cent 

percent 

percent 

i 

91 3 

2 98 


1 94 

4 

S9 3 

3 81 

94 5 

2 04 

4 

91 0 

3 87 

93 7 

2 36 


TABLE S 


Extract-free Meal Powder 


SUBJECT DOG 1 

Weight at beginning 14 6 kg 
Weight at end 14 6 kg 

PERIOD V 
(4 days) 

Meet FeedlDg 

PERIOD VI* 

(5 days) 

Meat Powder 
Feeding 

PERIOD VII 

(4 days) 

Meat Feeding 


ffTQTTlS 

grams 

grams 


Meat 300 

Meat Pow- 

Meat 300 


Lard 60 

der 80 

Lard 60 

Lard 60 

Composition of daily diet . 

Agar 5 

Agar 5 

Agar 5 

Bone ash 15 

Bone Ash 15 

Bone Ash 15 


Water 300 

Water 500 

Water 300 


Estimated 

Estimated 

Estimated 


calories 1070 

calories S60 

calories 1070 

Nitrogen output 

Urine nitrogen, gm 

Dally Averages 

Dally Averages 

Dally Averages 

8 81 

S 76 

8 47 

Total mtrogen, gm 

9 38 

9 6S 

9 15 

Nitrogen m food, gm 

10 44 

10 53 

10 46 

Nitrogen balance, gm 

+1 06 

+0 85 

+1 31 

Feces 




Weight air drj 

29 5 

31 0 

35 2 

Nitrogen, gm 

0 57 

0 92 

0 68 

Nitrogen, pier cent 

1 95 

2 9S 

1 92 

Nitrogen utilization, per 



cent 

94 5 

91 3 

93 5 


Food almost entirely forced 



















8 


The Utilization of Proteins 


TABLE 2 


Extract-free Meat Powder 


SUBJECT BOO 4 

Weight at beginning 4 A kg 
Weight at end 5 1 kg 

PERIOD V 

(4 days) 

Meat Feeding 

PERIOD VI 

(5 days) 

Meat Pott dcr 
Feeding j 

PEHIOD MI 

(4 dal’s) 

Meat Feedin* 


grams 

prams 

proms 


Meat 150 

Meat 

Powder 39 

Meat 150 


Sugar 25 

Sugar 25 

Sugar 25 


Starch 5 

Starch 5 

Starch 5 

Composition of daily diet . 

Lard 20 

Lard 25 

Lard '20 

Bone Ash 10 

Agar 8 

Agar i S 


Water 200 

"Salts” 4 

Water 260 

"Salts” 4 

Water 200 


Estimated 

Estimated 

Estimated 


calories 570 

calories 510 

calories 570 

Nitrogen output 

Dally A\erages 

Dallj Averages 

Daily Averages 

Urine nitrogen, gm 

4 23 

3 95 

4 37 

Total nitrogen, gm 

4 50 

4 50 

4 70 

Nitrogen m food, gm 

5 40 

5 13 

5 40 

Nitrogen balance, gm 

Feces 

+0 90 

+0 63 

+0 70 

Weight air dry, gm 

15 0 

14 4 

14 0 

Nitrogen, gm 

0 27 

0 55 

0 32 

Nitrogen, per cent 

Nitrogen utilization, per 

j 1 79 

1 

1 

3 81 

2 29 

cent 

1 95 0 

S9 3 

94 1 
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TABLE 3 


Extract-free Meal Powder 


SUBJECT DOG 4 

Weight at beginning 5 1 kg 

W eight at end 5J2 kg 

period n 
(5 days) 

Meat Feeding 

: 

PERIOD xn 

(5 days) 

Meat Powder 
Feeding 

PERIOD xnt 
(4 days) 

Meal Feeding 


grainy 

gram* 

grams 


Meat 350 

Meat 

Meat 150 



Powder 40 



Sugar 25 

Sugar 25 

Sugar 25 


Starch 5 

Starch 5 

Starch 5 

Composition of daily diet • 

Lard 20 

Agar S 

Lard 25 

Agar S 

Lard 20 

Agar 4 


“Salts” 4 

“Salts” 4 

Bone Ash 8 


Water 200 

Y\ ater 300 

Water 200 


Estimated 

Estimated 

Estimated 


I calories 570 

calories 516 

calones 570 

Nitrogen output 

Urine nitrogen, gm 

1 Dall> An crapes 

Dally Averages 

Dal)\ A-verages 

4 28 

4 51 

4 46 

Total nitrogen, gm 

4 62 

4 9S 

4 77 

Nitrogen in food, gm 

5 20 

1 5 26 

5 22 

Nitrogen balance, gm 

! +0 5S 

, +0 28 

fO 45 

Feces 

I 

! 


U eight air dr> , gm 

1 12 4 

12 3 

16 0 

Nitrogen, gm 

0 34 

. 0 47 

0 31 

Nitrogen, per cent 

! 2 77 

, 3 87 

, 1 96 

Nitrogen utilization, per 

J 

1 

cent 

93 4 

91 0 

94 0 


io The Utilization of Proteins 

On the Origin op Fecal Nitrogen 

In previous papers 3 of this senes we have followed the current 
custom of basmg the data for nitrogen utilization upon the rela- 
tion of the nitrogen appearing in the excrement to that of the 
mgesta This procedure would be strictly correct only m case the 
fecal nitrogen consisted entirely of food residues As a matter of 
fact, there is abundance of evidence m the literature to demon- 
strate that fecal nitrogen in great part emanates from “metabolic 
products ” 4 Obviously an adequate understanding of the source 
of fecal nitrogen and the conditions influencing its excretion is 
essential for the proper interpretation of experiments on nitrogen 
utilization In the earlier papers referred to we have at times 
pomted out that an apparently poor utilization was probably in- 
duced by the indigestible matter — cellulose, hemicellulose — inher- 
ent m the experimental material The influence of such materials 
upon utilization has not always been fully appreciated Rubner, 
and later Wicke, did indeed call attention to the unfavorable 
effect of cellulose upon the utilization of bread nitrogen, but m 
these cases it is difficult to decide m what measure the insufficiently 
ruptured cells are responsible for the low coefficients of digesti- 
bility, and to what extent the latter is to be attributed to the cel- 
lulose per se This question is not satisfactorily answered by the 
poor utilization of meat obtained by Hoffmann when coarsely cut 
straw was added to the diet Such coarse particles probably 
unduly irritated the digestive tract, resulting m increased secre- 
tion and peristalsis Lothrop demonstrated an increased elimi- 
nation of fecal nitrogen when bone ash was added to the diet 
In the present paper the nitrogen of the excrement under a 
variety of conditions is discussed brieffy from the historical aspect , 5 
data purporting to show to what extent indigestible non-nitroge- 
nous substances may influence the amount and character of the 
feces are presented, and a plan of experimentation is proposed, 

3 £?ee footnotes 20-24, pp 23 and 24 

4 Bj this term is understood intestinal secretions, cast off cells, bacteria, 
etc For a consideration of the important role of bacteria m this respect 
and the literature related thereto, see MacNeal, Latzer and Kerr Journ 
of Infect Dis , m, p 123, 1909 

5 For a more detailed revien reference is made to Tsuboi (see bibli- 
ography) 
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with which it seems possible to approximately determine to what 
degree the nitrogen excreted m the feces is derived from undigested 
or indigestible nitrogenous constituents of the rngesta Were 
this known, the term "utilwation” would be eminently appropnate 

BA.RL.IER STUDIES. 

Feces m Starvation 

Man The accompanying table presents oft quoted data 6 
obtamed from the professional fasters, Cetti and Breithaupt, and 
from certain patients 

Daily A t trogen Excreted through the Feces in Starvation 


Cetti 

cram 

0 32 

Breithaupt 

0 

12 

Patient (stenosis of oesophagus) 

0 

45 

Neurasthenic 

0 

22 

Neurasthenic 

0 

17 

Arerage 

0 

26 


Dogs Bidder and Schmidt, and Yoit early observed that during 
starvation black pitch-like feces were obtamed from dogs The 
latter obtamed dailj 2 grams of feces (= 0 15 gram of nitrogen) 
from a dog of 30 kilos The studies of Muller offer further illus- 
trative data 


Daily Feces Obtained from Starring Dogs ( Muller , 1884) 


1 

BODT WEIGHT 

FECES WEIGHT 
DRT 

FECAL 

VTXEOGEJt 

t 

FECAL NTTROGEN 
PER KILO BODT 
WEIGHT 

kilo \ 

grams 

■per cent 

i i 

i grams , 

gram 

43 

4 8 

5 0 

0 24 

0 0056 

30 

2i4 

8 0 

I 0 19 | 

0 0063 

30 

1 4 

S 0 

0 11 

0 0037 

23 

2 8 

5 3 

0 15 j 

0 0065 

7 

1 0 7 

7 5 

0 05 

0 0071 

Average 



1 

0 005S 


* Taken from Schmidt and Strasburger (see bibliography), p 115 
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Benedict has pointed out that the amount of feces formed during 
starvation is probably much smaller than is indicated by earlier 
studies Fasting feces are m great part derived from retained 
fecal matter, resultmg from the food immediately preceding the 
period of inanition This is owing to diminished peristalsis con- 
sequent upon the withdrawal of food 

With Nitrogen-Free Diets 

The accompanying table embodies results obtamed by Rieder 


Nitrogen Eliminated through Feces on Nitrogen-free Diet ( Ricdcr ) 


SUBJECT 

FECES 

EIGHT 

bn\ 

FEC\L NITROGEN' 

1 

rooD 

Man 

Crams 

13 4 

per cent 

4 OS 

gram 

0 54 

485 grams cakes of starch, sugar 

i 

Man 

15 4 

5 G9 

0 87 

and fat 

159 grams cakes of starch, sugar 

Man 

13 4 

5 85 

0 7 S 

and fat 

147 grams cakes of starch, sugar 

Dog 

3 0 

3 67 

0 11 

and fat 

70 grams starch 

Dog 

G 0 

3 S5 

0 22 

140 grams starch 


Rubner (1879) reported similar results Tsuboi fed dogs for 
periods of six to nine days on cakes made of starch, fat and sugar, 
and obtamed data, which are in accord with the above 


Nitrogen Eliminated through Feces on Nitrogen-free Diet ( Tsuboi ) 


FECES | 

WEIGHT PRY 

FECAL NITROGEN 

. 1 

FOOD 

Starch 

Sugar 

| Fat 

grams 

per cent 

gram 

grams 

grams 

grams 

2 G 

\ 5 1 

0 14 

0 

0 

0 

5 S 

4 1 

0 24 

70 

12 

50 

12 9 

4 4 

0 57 

200 

25 

80 


There can of course be no question as to the source of fecal 
nitrogen in the above experiments 
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With Meat Diets 


The most interesting work bearing upon the nitrogen of the feces 
obtained with meat diets and the relation of the amount of meat 
ingested to the nitrogen thus eliminated was contributed bj Muller 


Influence cj Meat Diet on 

Fecal hilrogen 

in Dogs (30-35 hi(os) ( Muller ) 

ME VT 

FECES WElGffr 
DRT 

NTTBOQEN 

NITROGEN CTIUZED 

i 

grams | 

jrramA 

\ percent 

gram 

per cent 

0 I 

2 0 

) 7 96 

0 15 | 


500 1 

, 5 1 

I 6 50 1 

0 30 i 

9S 2 

1000 

9 2 

| 6 50 

0 55 

98 4 

1500 

10 2 

6 50 

0 67 

98 7 

1800 

10 3 

6 50 

0 70 

9S 9 

2000 

1 11 1 

6 50 

' 0 80 

98 8 

2500 

, 15 4 

6 50 

, 1 00 

J 9S 8 


It is clear from this summary that the nitrogen of the feces does 
not increase m proportion to the amount of meat eaten 
That the fecal nitrogen incident to a meat diet is essentially of 
metabolic origin, 7 is tery convincingly brought out by Fntz 
Voit After a loop of the intestine had been isolated, a dog was 
fed with meat It was found that the contents of the loop resem- 
bled the feces m appearance and nitrogen content Moreover 
when calculated to unit surface the absolute amount of dry sub- 
stance m the loop compared favorably with that of the feces 
Equally significant is the Tecent study of Mosenthal, who also 
worked with isolated intestinal loops This author estimated that 
the succus entencus contained nitrogen equivalent to 35 per cent 
of the nitrogen ingested, and 300 to 400 per cent of the nitrogen 
of the feces Nitrogen equivalent to at least 25 per cent of that 
of the intake must therefore have been reabsorbed 
From the foregoing there can be no doubt that the feces resulting 
from a thorough!;, digestible food such as meat are almost solely 
of “metabolic ongm ” Prausmtz has attempted to give this more 
widespread application 

7 an ingenious microscoptcal method, Kennauner (see bibliographj ) 
showed that in man but one per cent or less of the ingested me 3 t reappeared 
in the feces 
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Composition of Feces on Various Diels (Prausmtz) 




1 

1 

FECES — DRY 


NUMBER 

1 

1 

PERSON 

MAIN FOOD i 

Nitrogen 

Ether 

Extract 

Ash 

1 

i 

| 1 

; h 

Rice i 

per cent 

8 83 

per cent 

12 4 

per Knl 

15 4 

2 

! H 

Meat 

8 75 

16 0 

14 7 

3 

M 

Rice 

8 37 

18 2 

11 0 

4 

, M 

Meat 

9 16 

16 0 

12 2 

5 

| WP 

Rice 

8 59 

15 9 

12 6 

6 

WP 

Meat 

8 4S 

17 5 

13 1 

7 

I J Pa 

Rice 

8 25 


14 5 

8 

1 J Pa 

Meat 

8 16 


15 2 

9 

F Pi 

Rice 

8 70 


16 1 

10 

F Pi 

Meat 

9 05 


15 1 

11 

| d Cl 

I Rice 

8 78 

18 6 

12 0 


J (vegetarian) 

i 

t 

Average 

8 65 

16 4 

13 8 

12 

M 

Mixed diet 

6 76 

25 3 

12 0 

13 

H 

Mixed diet 

6 63 

25 8 

14 9 

14 

H 

I 

l Mixed diet 

6 07 

30 1 

15 0 


The excreta from the above diets (Nos 1 to 11) contained no 
starch, and the composition of the feces did not alter materially 
as the character of the food changed Such feces Prausmtz con- 
sidered “normal feces ” When, however, the food contains mate- 
rial of a less digestible nature, the composition may change 
Where this indigestible material is cellulose the nitrogen content 
of the feces is lowered (Nos 12 to 14) , if a nitrogenous substance, 
the nitrogen content might be expected to be raised 

Schierbeck recognizes three types of individuals (1) those that 
consistently have feces with low nitrogen concentration (about 4 
per cent) whatever the nature of the diet may be, (2) those that 
under these conditions have feces of high nitrogen percentage 
(6-7 per cent) , and (3) those in whom coarse food yields feces of 
low nitrogen percentage, and readily absorbed material produces 
feces with nitrogen concentration as high as 8 per cent 

We are inclined to agree wath Benedict that during starvation 
the formation of feces is reduced to a practically negligible quan- 
tity When a material such as meat is eaten v'hose protein 
utilization, estimated according to the usual custom, is at least 95 
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per cent, the resulting feces are for the most part of metabolic 
origin It has been shown that the feces from such a diet represent 
a very small portion of the originally secreted intestinal juice, the latter 
having been absorbed in great part before reaching theredum Ob- 
viously the degree to which this secretion is reabsorbed will depend 
upon the rate of peristalsis, which m turn is influenced by the mass and 
character of material m the intestine Hence, if to a meat diet an 
indigestible or less digestible material is added, thus stimulating 
peristalsis, more metabolic produds'' must escape reabsorption If 
we deal with a non-mlrogenous material, e g , agar, bone ash or crude 
fiber, the percentage nitrogen of the feces will of course be lower 
If the comparatively indigestible material is highly nitrogenous like 
protein, the nitrogen concentration will be higher, and if both types of 
indigestible materials are present, the percentage of nitrogen may be 
indistinguishable from that found in meat-feces Illustrative data 
follow 

EXPERIMENTAL PART 

The conduct of these experiments did not differ essentially from 
that of trials described in previous papers The quantities of 
meat and indigestible non-mtrogenous materials can be learned 
from the tables, the amounts of water, sugar and lard approxi- 
mated those employed in previous experiments 
The influence of indigestible non-mlrogenous materials upon the 
nitrogen statistics of the feces is illustrated in Tables 4 and 5 In 
Table 4 the contrast is made between feces resulting from meat and 
feces accruing from an identical diet to which 3 grams of agar 
plus 7 grams of bone ash bad been added dailj In Table 5 a 
similar contrast is drawn between meat- and meat-crude-fiber 
feces The data are briefly summarized in Table 6 The increase 
ui absolute fecal nitrogen due to the addition of indigestible 
materials to the diet is manifest, although the mtrogen intake did 
not varj Thus the fecal mtrogen of (1) is increased 60 per cent 
bj, the addition of 10 grams of indigestible non-mtrogenous sub- 
stances, and that of (3) is augmented 133, 133, and 192 per cent 9 

* Possiblj also food residues and products of digestion 
4 Too great a quantitatne significance should not be placed upon these 
figures, as an accurate isolation of pure meat-feces is almost impossible 
eien when special precautions are taken 
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TABLE 4 


Influence of Agar -f- Bone Ash upon the Feces Resulting from a Meal Did 

Daily Averages 


1 

2 

3 

4 

5 

6 


7 

8 

9 

10 

11 

12 


13 

14 

15 

16 

17 

18 


o 

o 

a 

CO 

a 

PERIOD 

J* VTURE OF 

INGESTA 

5 

4 

x\ 

/ Meat, sugar, lard = 4 6 \ 

5 

5 

WVI11 

\ to 49 gm nitrogen / 

5 

5 

1 


Agar 3 gm 

5 

4 

111 

As above + 

Bone Ash 

5 

4 

IV 


7 gm 

5 

5 

Vlll 


l 




Average of 1 and 2 




Average of S to 6 

6 

4 

\\1 

\Meat, etc , as for Dog 5 / 

6 

5 

XXIX 

J 

1 

6 

4 

1 

> 

Meat, etc , with mdiges- 

6 

5 

IV 

tible materials, as for 

6 

4 

VI 

Dog 5 


6 

5 

Vlll 


l 




Average of 7 and 8 




Average of 9 to 12 

7 

4 

\\ 

\ Meat, etc , as for Dog 5 / 

7 

5 

XXVJll 

) 


7 

4 

1 

Meat, etc , with indiges- 

7 

5 

111 

, tible materials, as for ( 

7 

3 

V 

Dog 5 


7 

5 

vu 

J 





A verage of 13 and 1 4 





Average of 15 to 18 



FECES 


* 




Xc 

St 

fi 

d 

a 1 
s 

e 

tc 

0 

§2 
h 2 

*§ 


2 

2 


prams 

pram 

per cent 

pa ffil 

45 

0 22 

4 95 

Do 2 

3 4 

0 16 

4 62 

96 6 

13 2 

0 29 

2 22 

94 0 

14 5 

0 36 

2 48 

92 7 

15 5 

0 40 

2 60 

91 S 

15 0 

0 35 

2 32 

92 7 

40 

0 19 

4 78 

95 1 

14 5 

0 37 

2 40 

92 4 

3 5 

0 22 

0 34 

95 2 

4 4 

0 24 

5 42 

94 9 

12 2 

0 28 

2 2S 

94 3 

13 6 

0 36 

2 64 

92 7 

14 5 

0 35 

2 42 

92 9 

15 0 

0 39 

2 59 

92 0 

4 0 

0 23 

5 88 

95 0 

13 8 

0 S4 

2 48 

93 0 

3 2 

0 19 

5 93 

95 S 

3 8 

0 15 

3 82 

90 9 

12 5 

0 28 

2 26 

91 4 

12 8 

0 23 

1 81 

03 0 

12 7 

0 26 

2 04 

92 1 

12 S 

! 

0 24 

1 86 

92 0 

3 5 

0 17 

4 88 

9G 3 

12 7 

0 25 

1 99 

02 S 
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T-VBLE 5 

Influence of Crude Fiber upon the Feces Resulting from a Meal Diet 
Daily Averages 


— 

1 



FECES 

et 


a 




C 

£ ! 

~ 1 c 

0 0 

« 1 
5 | 


NATURE Or INGESTA 

jz Jr 

Q 

fcC 

o 

o 

fcfi 

o 

2 j C 

a 1 

e. 



2j 

Zi 

| 

1 



==< 

Z 

z 

t 




gram* 

gram 

T>er cent p 

1 ! 5 

4 

XVI 

Meat, etc , = 33 gm 

* i 

i 



I 



nitrogen 

0 4t 

0 02f 

5 32 

2 5 

4 

will 

As above + 6 gm 

, 






crude fiber* 

10 1 ' 

0 30 

2 97 

3 6 

4 

T9U 

Meat, etc , as for Dog 5 

1 9 

0 13 

7 03 

4 1 6 

4 

1 XIX 

Meat, etc , + 6 gm crude 




I 

i 



fiber as for Dog 5 

10 0 

0 34 

3 52 

5 ! 7 

4 

t W1 

Meat, etc , as for Dog 5 

I 5 

0 10 

7 06 

6 7 

4 

Will 

Meat, etc , - 1 - 6 gm 







crude fiber as for Dog 5 

8 5 

0 21 

2 51 




Aierageof 1, 3, 5 

1 7 

0 12 

6 47 

1 



4 rerage of 2, 4,6 

9 5 

0 28 

S 00 

7 1 5 

4 

XU 

Meat, etc , + 2 gm agar + 




) 



5gm bone ash 

11 0 

0 28 

2 59 

8 5 

4 

XIV 

The same 

| 11 5 

0 26 

2 27 

9 , 5 

4 

XV 

The same + 6 gm filter 





> 


paper 

17 7 

0 27 

1 55 

10 | 6 

I 4 

XI 11 

Meat, etc , 4- 2 gm agar 



l 

1 

' 


+ 5 gm bone ash 

10 5 

0 35 

3 37 | 

11 6 

,4 

\\ 

The same 

10 0 

0 31 

3 07 ] 

12 j 6 

i 4 

\V1 

The same + 6 gm filter 




I 

1 

1 

| 


paper 

IS 0 

0 40 

2 23 

13 ' 7 

, 4 

Ml 

Meat, etc , + 2 gm agar 

■1 






+5gm bone ash 

! S 5 

0 23 

2 74 1 

14 1 7 

,4 

XI\ 

The same 

9 5 

0 26 

' 2 70 

15 7 

4 x\ 

1 The same *f 6 gm filter 




1 

j 


! paper 

IS 0 

0 38 

2 14 


1 


! Average of 7, 8, 10, 11, IS, 14' 10 S 

0 28 

2 79 

1 

j_ 


Aierageof 9, 12, IS 

l 

1 17 9 

J 

0 S5 

1 97 


99 4t 

90 5 
96 0 

89 2 
96 8 

93 3 
98 4 

91 0 


91 S 

92 1 

91 6 

89 8 

90 6 


88 3 

91 6 

89 S 


* Newspaper (0 1 per cent nitrogen) was thoroughly disintegrated under water 
t These values are abnormally low owing to poor separation of feces of successive pe-iods 
They arc not included la the averages. 

Omitted from the averages 
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TABLE 6 


The Influence of Indigestible N on-Nitrogcnous Materials upon the Nitrogen 
Statistics of Mcat-Fcces ( Summary of Tables 4 and 5) Daily Ai cragcs 


« 

« 

ft 

§ 

z 

w 

z 

ft 

ft 

ft 

ft 

ft 

« 

ft 

w _ 

ft ft 
y « 

« o 

ft ft 

O W 1 

ft < 

W m 1 

2£ 

3 H 
& a 

: * 1 

I 

j W 

K 

v 

! z 

« 

1 § 

g 

5 

1 « V-. 

3 g 

z 5 ~ < 

- S « w 

Hfw* 
a 5 k » 

-O , ft 
& Z < H 
►5 h S O 

O $j co ** 

> £ g a 

, ft O w 
j O 7 D 

< w w a 
goo< 

1 

1 

I 

Weight 
(Air Dr}) 

) 

FECES 

Nitrogen 

i 1 

Nitrogen 

0 

s 

N 

2 

b 

D 

5S 

W 

o 

0 

ft 

£ 

2 



prams 

prams 

i 

prams 

pram 

per cent 

prr cent 

1 

6* 

4 6 

0 

3 8 

0 20 

5 2 

95 7 

2 

12** i 

! 4 6 

10 

13 7 

0 32 

2 3 

92 7 

3 

3t 

3 3 

0 

1 7 

0 12 

6 5 

9G 4 

4 I 

3t ! 

3 3 

6 

9 5 

0 28 

3 0 

91 0 

5 

o§ , 

3 3 

7 i 

10 2 

0 28 

2 8 

91 6 

6 

3(1 ' 

3 3 

13 

17 9 

0 35 

2 0 

89 2 


• Cf Tablo 4, Nos 1,2 7 8, 13, 14 
** Cf Tablo 4, Nos 3 to 6 9 to 12 15 to 18 
t Cf Table 6, Nos 1 3, 5 
t Cf Table 5, Nos 2 4,6 
} Cf Table 6, Nos 7, 8, 10 11, 13, 14 
|| Cf Tablo 5. Nos 9, 12, 15 


by the addition to the diet of 6, 7, and 13 grams respectively of 
such materials The low nitrogen concentration of the feces of 
(2), (4), (5), and (6) is charactenstic of diets of thoroughly util- 
ized materials including much indigestible non-nitrogenous matter 
The nitrogen concentration, however, is not sufficiently diminished 
to compensate for the increased volume of feces — hence the above 
increment in absolute fecal nitrogen and the correspondingly low- 
ered coefficients of digestion 

Illustrations of the influence of poorly utilized highly nitrogenous 
matter upon the nitrogen statistics of the feces are especially con- 
spicuous m certain data already published 10 and which are repro- 
duced in Table 7 The nitrogen concentration of the pliaseohn- 
feces is 6 1 per cent against 2 3 per cent for that of feces resulting 
from a meat diet fed under conditions identical with those attend- 
ing the phaseolm feeding A similar though less striking example 

10 Mendel and Fine This Journal \, p 433, 1912 Table 24 (phaseolm). 
Table 25 (pea globulin), Tables 10-11 (soy bean) 
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is offered m the case of the pea globulin experiment Nos 5 to 
8 of this table disclose how closely the nitrogen concentration of feces 
accruing from diets containing both poorly utilized highly nitrogenous 
materials and indigestible non-mtrogenous materials may simulate 
the corresponding talue for meat feces 

T VBLE 7 

The Influence of Poorly Utilized Highly t\itrojcnaus Materials upon the 
lutrogen Statistics of the Feces Daily Aierages 


FECES 


£§ i 

d 2 j 

NAT CEE OF INGEST A 

I 

NITROGEN , 
INTAKE 1 
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Obviously the fecal nitrogen concentration by itself is not a safe 
criterion 11 In which to judge the digestibility of a material The 
nitrogen of the \ olurnmous meat-cellulose-feces may be almost 
entirely of metabolic origin and yet be present in relatively low 
concentration, whereas a soy bean diet may yield feces composed 
m great part of highly nitrogenous undigested food residues, the 
nitrogen concentration, 12 however, being comparable to that of 
meat-feces 

11 Tsuboi (see bibhograph}), p SO likewise believes that one should be 
conservative m drawing conclusions from this one factor 
1 Tsuboi (loc at , p 81), has made a similar statement He points out 
that in Rubner's studies, peas were poorlv utibzed (72 per cent) and vet 
the nitrogen concentration of the feces was 7 3 per cent, thus according 
clo'eh with that of 6 9 per cent for the nitrogen concentration of feces from 
meat which was 97 per cent utilized 
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Benedict has called attention to the difficulty encountered in 
satisfactorily isolating feces accruing from a particular diet, owing 
to the lagging behind of fecal material from the preceding diet 
Our own experience testifies to this difficulty It was especially 
pronounced where the experimental, preceding and succeeding 
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diets were all composed of thoroughlj digested materials and the 
resulting feces were not adequate stimuli to peristalsis This 
difficulty was obviated in a measure when the experimental period 
was preceded and succeeded bj a 2—3 day period of a meat diet 
including 10 grams of bone ash daily 

This lag and the effect of previous thorough evacuation upon util- 
ization illustrated m Table 8 The first period for each dog 
(Nos 1, 4, 7) uas preceded by a period of nheat gluten, which is 
very well utilized 13 After thorough evacuation, it is clear (Nos 3, 
6, 9) that the apparent utilization is considerably improved 

Estimation of “ Metabolic ” Products in the Feces 

Investigators have sought a method whereby the prominent 
part taken by alimentary waste products in the formation of feces 
could be determined with some degree of accuracy This would 
enable one to estimate what proportion of the feces is due to undi- 
gested food residues Processes have been proposed w hich involve 
treating the feces with pepsin-HCl or dilute alkali Data thus 
obtained are of doubtful value Equally unsatisfactory are those 
procedures which involve subtracting from the experimental feces 
the equivalent of fecal material obtained during starvation or on a 
thoroughly digested non-mtrogenous diet The plan generally 
followed m the present work, namely the comparison of experimen- 
tal feces with feces obtained from a control meat diet is likewise not 
alwajs free from objection None of the above methods take 
into account the influence of undigested masses upon the degree 
of reabsorption of the intestinal juice "We propose the following 
plan’ 4 which seems to avoid most of the above shortcomings 

1 Determine the volume and nitrogen of feces resulting from 
the material under investigation 

2 Determine the fecal nitrogen resulting from a nitrogen-free 
diet to which has been added an amount of indigestible non- 

11 Cf Mendel and Fine This Journal, x, p 324, 1911 

11 Tsuboi has applied a similar principle to certain results reported b\ 
Rubncr The nitrogen eliminated on a starch diet was subtracted from that 
excreted in feces of comparable tolume resulting from diets of wheat bread 
and maccarom The food nitrogen actuallj escaping utilization could 
thus be computed 
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nitrogenous matter 15 that -will yield approximately the same vol- 
ume of feces as was obtained m (l) 

3 Subtract the fecal nitrogen of (2) from that of (1) This 
excess of nitrogen is presumably due to undigested or unabsorbed 
nitrogenous matter of the food material 

An experiment with a nitrogen-free diet mcludmg indigestible 
non-nitrogenous matter follows 

A 6 kilo bitch was fed for four days on a mixture of 35 grams of sugar, 45 
grams of lard, 200 grams of water and 10 grams of agar On this diet 13 2 
grams of feces with a nitrogen concentration of 2 44 per cent were obtained 
daily There w'ere thus eliminated through the feces 0 32 gram of nitrogen 
daily, w r hich w r as obviously of metabolic origin This result makes it prob- 
able that the feces from meat diets, containing similar amounts of indiges- 
tible non-nitrogenous matter, (see Table 6) are likewise made up entireh 
of alimentary waste — proof m itself that meat nitrogen is 100 per cent utilized 

From the smgle experiment above reported and from Table G, 
No 6, we may conclude that a thoroughly digested material may 
yield 13 2 to 17 9 grams of feces and yet the nitrogen (0 32-0 35 
grams) thus eliminated will be of “metabolic” origm Hence in 
feces of comparable volumes 16 all nitrogen m excess of 0 32-0 35 
gram may be attributed to the nitrogen of the food Tins prin- 
ciple is applied in Table 9 

“Utilization,” as the term is employed m the last column of this 
cable, exactly expresses our meaning The actual utilization of 
soy bean nitrogen 17 is 90 3-92 8 per cent and that for the crude 
bean protein is 91 8 per cent If anything the latter value is 
low, as 24 6 grams of meat-feces would probably contam more 
than 0 35 gram of nitrogen 

16 The choice of indigestible adjuvant is a matter of some moment, ns these 
materials may vary in their ability to stimulate peristalsis 

16 This of course applies only for dogs of approximately the same weight 
(5 to 7 kilos ) as those m these experiments 

17 Soy bean is reported (Wolff-Lehmann Landw Futterungslchrc, cited 
by Schulze und Castoro Zeitschr f physiol Chem , xli, p 455, 1904) as 
having 10 per cent of its nitrogen present as non-protein The latter may be 
more thoroughly utilized than the protein constituents, and thus the utili- 
zation calculated for the total nitrogen intake would be greater than is 
actually the case for the soy bean protein Excepting the soy bean and 
cotton-seed flours, the preparation of the materials employed in this senes 
of studies renders contamination with nitrogenous non-protein matter 
unlikely 



Lafayette B Mendel and Morris S Fine 23 

The Utilization of the Vegetable Proteins 

About the thorough utilization of the proteins of wheat 18 there 
is no question The probability that those of barley 19 and corn 20 
are equally available was pointed out m previous papers of this 
senes With regard to the legume proteins' 11 we must for the 
present conclude that the presence of indigestible non-nitrogenous 
matenals cannot entirely account for their low coefficients of diges- 

TABLE 9 

Utilization as Estimated from the Portion of Fecal A itrogen Derived from Food 
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90 3 
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, 34 

24 6 

0 63 

0 28 
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Cf Table 6 >.0 6 this paper 

t Cf Mendel and Fine This Journal x p 433 1912 Tables 5-10 
t Cf Mendel and Fine loc cit Tables II to 13 
§ Cf Mendel and Fine loc c it Tabic 21 

tibihty These proteins appear to be less readily affected by the 
digestive processes than those of barley or com Tins resistance 
is e\ en more pronounced in the case of the cotton-seed protein 22 
Nevertheless, future research with the isolated proteins may modify 
our opinion with regard to these two last classes of matenals 
The lack of animal extractives m "vegetable matenals has at 
times been thought to be the cause of the apparently poor utili- 
zation of plant foods m comparison with those of animal ongm 

“Cf Mendel and Fine This Journal, x, p 303, 1911 
“ Cf Mendel and Fine Ibid x, p 339, 1911 
“Cf Mendel and Fine Ibid,\, p 345, 1911 
! Cf Mendel and Tine Ibid x, p 433, 1912 
Cf Mendel and Fine Ibid xi, p 1, 1912 
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ORIGIN OF FECAL NITROGEN AND CONDITIONS INFLUENCING ITS EXCRETION 
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la conjunction with experimental work on the histological and 
chemical changes in the spleen during autolysis, results of which 
are to be published later, it was found desirable to analyze spleens 
and also to study their punne enzymes The results of these 
studies are given in this paper 

The dog’s spleen has nev er been analyzed in a complete manner 
chemically, but has frequently been used for the study of its 
enzymes and individual elements The spleen of man and other 
animals has, how ever, been studied more fully The water con- 
tent of the spleen is given as about 78 per cent, 3 70 per cent to 
77 per cent, 4 Schulz 5 finding 79 5 per cent in human spleen 12 5 
per cent of the spleen is blood content 6 The fat and lipoid con- 
tent, which is probably variable, is given as about 11 per cent 
to 14 per cent of the dry weight The phosphorus content of 
cow’s spleen varies with age, the spleen of fetuses being richer 
in phosphorus (up to 2 4 per cent of the dry weight) while adult 
spleens have less phosphorus (13 to 14 per cent of the dry 
weight) 

The sulphur content of the cow’s spleen is fairlj constant in the 
different periods of life, 7 ranging from 1 8 per cent to 2 2 per cent 

1 This work has been aided by a grant from the Rockefeller Institute for 
Medical Research 

A portion of this work was done m the Phy siological Laboratory of the 
bnncrsitj of Illinois 

1 Oppcnhemier’s Handbuch der Biochemte, u, 2, p 172, 1909 

4 S Frankcl Descrtphic Biochcmie, Wiesbaden, 1907 

‘Schulz P finger's Archu , In , pp 555-573, IS93 

* Oppcnhcimcr’s Handbuch der Bwchcmit, ii, 2 p 172, 1909 

7 rilpctr f Biol , \\\i, pp 400-413, 1S95 
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of the dry weight Schulz 8 examined the spleen of a man thirtv 
mne years old and found a water content of 79 5 per cent and a 
sulphur content of 0 78 per cent of the dry weight 
The iron content is also variable, differing markedly m differ- 
ent periods of life, 9 and the iron is held mostly m orgamc molecules 10 
The proteins of the spleen have been very little studied, investi- 
gation along this line being mainly confined to the study of the 
nucleoprotems and purmes Mandel and Levene 11 hydroljzed 
the spleen nucleoprotem and obtained glutamic acid, glycocoll, 
alanine, aspartic acid, prohne, phenylalanine, tyrosine, lysine, 
arginine, histidine, adenine, guanine, cjdosme and thymine 
The ammonia content of the organs of the body varies, being 
greater than normal during hunger, as determmed by the Folin 
method Grafe 12 examined one spleen, that of a horse and found 
9 5 mg of ammonia per 10 0 grams of spleen The fresh spleen 
contains neither albumoses nor peptones Levene 13 found as end 
products of the autotysis of the spleen, alanine, leucine, ammo- 
valenanic acid, ammobutyric acid, and a-pyrrolidme carboxylic 
acid, phenylalanine, aspartic acid and tyrosine Adenine and 
guanine were replaced by hypoxanthme and xanthine, and thymine, 
cytosine and uracil, which are present m spleen nucleic acid, v ere 
found as thymine and uracil after autolysis of the spleen Jones’* 
obtained from autolyzed pig spleen guanine and hypoxanthme, 
but no adenine, while m place of the thymine and cytosine which 
is found after hydrolysis, he obtained uracil Later Jones 15 found 
that these differences between the purmes obtained after auto- 
Iysis in different experiments were due to the fact that spleens 
from different animals were being studied, and he determmed 
the presence of guanase m large amounts m the cow’s spleen, 
although this ferment was entirely absent from the pig’s spleen 


8 Schulz loc cit 

s Oppenheimer's Handbuch dcr Biochemte, n, 2, p 172, 1909 
10 Capezuolli Zcilschr f physiol Chcm , K, pp 10-14, 1909 Burow 
Biochcm Zcilschr , \\v, p 165, 1910 

u Mandel and Levene Tins Journal, m, p win, 1907-OS 
l ” Zcilschr f physiol Chem , \lvni, p 30 0, 1906 

13 Levene Amer Joarn of Physiol , \i, p 437, 1904, \n, p 275,1904-05 

14 Jones Zcilschr f physiol Chem , \ln, p 35, 1904 

15 Jones Ibid , xlv, p 84, 1905 
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Schumm 16 autoljzed spleens from cases of mj elogenous splemc 
leucemia and obtained free guanine, xanthine, and hypoxanthine 

Sclnttenhelm, 17 as a result of his investigations, states that the 
spleen of the coy, contains a hydrolytic ferment which changes 
adenine of hypoxanthine, and guanine to xanthine, and an oxydase 
nhich forms xanthine from hypoxanthine but does not destroy 
unc acid He analyzed one sterile dog spleen, which had been 
autolyzed m the ice chest and then kept m alcohol for one year, 
it yielded on hydrolysis xanthine and hypoxanthine but no adenine 
nor guanine Wells and Corper 18 have previously made note of 
the fact to be reported in this paper, that the dog spleen contains 
no uncolytic ferment, and observed that the human spleen con- 
tains no xanthine oxidase Batelk and Stem, 10 using their method 
of determining uncolysis by gaseous exchange, were also unable 
to demonstrate uncase in the dog spleen Jones and Austrian 50 
found that normal dog spleen contained guanase, adenase and 
xanthmeoxydase and was to this extent similar to con spleen 
Bunan and Schur- 1 obtamed 0 16 gram of purine N from 100 
grains (moist n eight) of calf spleen, which was divided into 0 046 
gram of free punne nitrogen and 0 101 gram of combined punne 
base nitrogen Kossel 3 found m the horse spleen 0 175 per cent 
punne nitrogen Jones and Wintemitz 3 observed that* upon 
autolysis of the swine spleen there was a conversion of hypoxan- 
thine into xanthine m the absence of air Poll!- 1 states that the 
normal spleen of starving dogs contains no allantom, but that 
after autolysis allantom appears He does not, however, give his 
expenments with autolyzed spleen This does not agree well 
with the absence of uncase noted by other authors 


11 Schumm Hofmeisler’s Bexirdge, vn, p 175, 1905 
17 Schittenheim ZeiUschr f physiol Chem , xlv, p 84, 1905 
” Hells and Corper This Journal, vi, p 321, 1909 
17 Batelh and Stem Biochem Zeitschr , xix, p 219, 1909 

70 Jones and Austrian Zeitschr / physiol Chem , xlvm, p 110, 1906 
Bunan and Schur PJlUger’s Archu, lxxx, p 309, 1900 

” Zcilschr f physiol Chem , vi, p 422, 18S2 

71 Jones and Wintemitz Ibid , -div, p 1, 1905 

' Pohl Arch f exp Path u Pharm , xlvuu, p 367, 1902 
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EXPERIMENTAL DATA 

Analysis of Dog’s Spleen 

Methods — The tissues -were preserved for analysis m the ice 
chest m ten parts or more by weight of 95 per cent alcohol, samples 
for watei content having been taken, and when ready for analysis 
the alcohol was filtered off to be mixed with the rest of the alcohol 
and ether extracts The total ether extract was examined quanti- 
tatively for cholesterol by Ritter’s method 25 and for lecithin bj 
the method suggested by Koch and Woods 26 The combined 
residues after ether extraction were then pulverized and extracted 
m a shaking machine with N free water, containing alternately 
traces of alkali (sodium carbonate) and acid (acetic), and after 
bringing to faint acidity the combined watery extracts V^re 
concentrated to 1 liter and filtered hot, thus constituting the 
watei -soluble fraction This fraction was analyzed for purine 
content by the method of Kruger and Salomon, 27 and v as also 
analyzed for a tannic acid precipitable fraction and a fraction not 
piecipitable by tannic acid, and its phosphorus content was deter- 
mined by the Neumann method as described by Koch and Woods 
The remaining residue, after removal of ether and water extracts, v as 
analyzed for its total nitrogen content by the Kjeldahl method, 
and for iron, phosphorus and sulphur by the method described by 
Koch and Mann 28 Purine nitrogen was also determined on this 
residue after hydrolyzing, by means of 5 per cent sulphuric acid, 
using the Kruger and Salomon method The Hausmann fractions 
were also determined on this tissue residue according to the modifi- 
cation described by Osborne and Harris 25 

Normal Spleen A Results of Analyses — -Three small spleens weighing 
19 25, 31 5 and 21 5 grams, with a moisture content of 76 82 per cent, 76 50 
per cent and 76 64 per cent respectively, making a total dry weight of 16 87 
grams, were taken Total ether soluble material weighed 2 609 grams, or 


25 Zeilschr f physiol Chcm , \\\iv, p 461, 1903 
25 Koch and Woods This Journal, l, p 203, 1906 

27 Hoppe-Seyler-Thierfelder Handbuchd physiol u pathol chem Ana- 
lyse, 8th edition, p 188, 1909 

28 Koch and Mann Archives of Neurol and Psychiatry, iv p, 20, 1903 ^ 

29 Osborne and Harris Joitrn of the Amer Chcm Soc , \\v, pp 323-325, 


1903 
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3. 1 

15 47 per cent Absolute alcohol insoluble part of this amounted to 0 27S3 
gram, containing 0 000S2 gram of phosphorus after Neumann oxidation 
The cholesterol determination was lost m this analysis 

The lecithin phosphorus found m 1 gram drj weight tissue was 0 00269 
gram, figured as lecithin =0 0694 gram 

Non-lecithm phosphorus in this fraction = 0 OOOo gram m 1 gram dm 
tissue 

Water Soluble Fraction f®” 

Nitrogen precipitable bj tannic acid m 1 gram dry tissue=0 0056/ 
Nitrogen not precipitableb} tannic acid ml gram dry tissue =0 00396 
Water soluble N m 1 gram, total =0 00972 

Vi ater soluble phosphorus in 1 gram drj tissue =0 0052 

Purines found in water soluble fraction, only a doubtful trace 
Tissue Residue ( Insoluble ) Fraction One gram of tissue (after extraction 
of soluble constituents) yielded 0 0035 gram of iron, 0 0070 gram of sulphur 
and about 0 00S4 gram of phosphorus 

One gram of dm tissue residue (used 8 4 grams for analyses) yielded 
0 00345 gram of purine nitrogen 

Total mtrogen determination (using 0 28 gram tissue residue) yielded 
0 1447 gram of nitrogen m one gram of tissue residue 

Normal Spleen B One large spleen with a moist weight of 134 grams, 
and a moisture content of 75 59 per cent, making a total dry weight of 32 71 
grams was taken 

Total ether-soluble material weighed 3 8155 grams or 11 65 per cent 
Absolute alcohol insoluble part of this = 0 6861 gram, containing 0 0140 
gram of phosphorus (after Neumann oxidation ) 

One gram drj tissue contained 0 015 cholesterol by the Ritter method 
(using one-balf of the total ether extract for the anal} sis) 

The lecithin fractions were lost in this analysis 
f! atcr Soluble Fraction 

Nitrogen precipitated b} tannic acid in 1 gram dm tissue =0 00412 
Nitrogen not precipitated b} tannic acid in 1 gram dry tissue=0 00393 

R ater soluble Ninl gram dr} tissue, total = 0 00S04 

M ater soluble phosphorus in 1 gram dr} tissue = 0 00346 

Purines found m water soluble fraction = 3 doubtful trace 
Tissue Residue (Insoluble) Fraction One gram of tissue residue (freed 
from soluble constituents) Yielded 0 00455 gTam of iron, 0 00714 gram of 
sulphur, and 0 00459 gram of phosphorus 

One gram of dr} tissue residue (used duplicates of about 6 grams each) 
}ie!dcd 0 00292 gram of purine nitrogen 

Total mtrogen determination (using about 0 25 gram tissue residue in 
duplicates) yielded 0 1639 gram of mtrogen m one gram of tissue residue 
Normal Spleen C Onelargespleen withamoist weight of 82 grams and 
a moisture content of 76 94 per cent making a total dr} weight of 18 91 
grams 

Total ether soluble material weighed 2 859 grams or 15 11 per cent 
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Absolute alcohol insoluble part of this = 0 2021 gram, containing 0 00339 
gram of phosphorus (after Neumann oxidation) 

Cholesterol determination was far too low, due to loss occasioned bj the 
Ritter method, which will be discussed m a future paper 

The lecithin phosphorus found m 1 gram drj tissue = 0 00241 gram 
figured as lecithin = 0 0622 gram 

Non-lecithin phosphorus in this fraction = 0 00015 gram in 1 gram drj 
tissue 

Water Salable Fi action 

Nitrogen precipitated by tannic acid in 1 gram dry tissue=0 0012 
Nitrogen not precipitated by tannic acid m 1 gram dry tissue =0 0033S 

Total water soluble N in 1 gram dry tissue =0 00458 

Water soluble phosphorus m 1 gram dry tissue =0 0027 

Only doubtful trace of purines w as found m the water soluble extracts es 
Tissue Residue ( Insoluble ) Fraction — One gram of tissue residue jielded 
0 0122 gram of iron, 0 00745 gram of sulphur, and 0 00489 gram of phosphorus 
One gram of dry tissue residue (used about a 6 gram sample) yielded 
0 00428 gram of purine nitrogen 

Total nitrogen determination (using about 0 26 gram, tissue residue in 
duplicates) yielded 0 1629 gram of nitrogen in 1 gram of tissue residue 
Hausmann Fractions on tissue residue C — Duplicate analyses were 
obtained with the following result , from 1 gram of dry t ssue residue 
Amid N =0 01349 and 0 01329 gram N — mean =0 01339 

Humus N =0 00938 and 0 00751 gram N — mean =0 00844 

Diamino N =0 03546 and 0 03244 gram N — mean =0 03395 

Monamino N =0 1007 and 0 0969 gram N — mean =0 09880 

Total N =0 1545S 

Purines and Purine Enzymes in Dog Spleen 

I Hydrolisis of Dog Spleen — 1091 grams of dog spleen (moist 
weight) were hydroljzed by means of 5 per cent sulphuric acid and the 
purines isolated in the pure state and weighed, with the following results, 
figured on the basis of 1 gram moist weight of the original spleen tissue used 
Guanine =0 00109 gram (weighed as such) 

Adenine =0 00062 gram (weighed as pierate) 

Hypoxanthine =0 00015 gram (weighed as silver nitrate 

combination) 

Xanthine =0 00004 gram (weighed as such) 

Total products =0 00190 gram 
No uric acid was found, although tested for 

A purine nitrogen figure was obtained (using one-eightieth of the total 
material) and yielded in the figures of 1 gram moist weight of the original 
spleen tissue, 0 00126 gram of nitrogen 
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Nitrogen figure obtained from the total amount of isolated purines was 
0 000S99 gram per 1 gram moist splenic tissue 

II •VtrroL'i sis or Dog Spleen i\ the Absence of Air —552 grams of dog 
spleen (moist weight) were autolx zed for about a month, part of the time at 
37° C and using toluene as antiseptic and to keep out air The autoljsate 
was examined quantitatn el} for liberated punnes and gax e the following re- 
sults, on the basis of 1 gram moist weight of original spleen tissue used. 
No guanine, adenine or unc acid was found 
The major portion of the punne product was 
Xanthine =0 0016S (weighed as such, and free from uric acid) 
Hypoxanthwe =0 00002 gram (weighed as siher nitrate salt) 


Total products =0 00171 gram 

Calculated punne nitrogen in these products = 0 00063 gram N, indicat- 
ing that about half the total punne nitrogen was present m the form of free 
punnes 

III Autouysis of Dog Spleen in the Presence of A.ir —617 grams 
of dog spleen (moist weight) were nutoljzed for about a month, part of 
which time a current of air was passed through the autol}zing mixture, and 
the temperature frequentlj brought to 37° C toluene being used as anti- 
septic The autol>satc was examined quantitatn el} for punnes, with the 
following results, on the basis of 1 gram moist weight of original spleen 
tissue used 

X cither guanine or adenine were found 

The major portion of the purines was 
hricacid =0 001695 grim (weighed as such Repurified from con- 
centrated H*SO<) 

Xanthine =0 000094 gram (weighed as such) 

Hvpoxanthine =0 000004 gram (weighed as hjpoxanthine silx er 

nitrate) 

Total products =0 001793 gram 

Calculated punne nitrogen in these products =0 0006 gram or about 
half the total purine nitrogen 

D> Xantthin-e-Omdabe of Dog Spleen — Fift} grams of finelj 
ground fresh dog spleen, mixed with three xolumes of toluene water, was 
allowed to stand at room temperature oxer night, and strained through 
cheese cloth the following morning To this spleen extract thus obtained 
was added 0 1355 gram of xanthine in solution, and the mixture was placed 
in a bottle wnth sufficient toluene to prevent putrefaction, and connected 
with another bottle containing toluene and water, through which was drawn 
the air that then passed through the digestion mixture, and all the bottles 
were kept at about 40° C for twent}-four hours After autol}sis 0 0969 
gram of uric acid was recox ered, which gaxe a positive murexide test, and 
upon repurification from H*SOi, pure uric acid was obtained, thus differ 
cntiating it from xanthine 
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V Ukicase of Dog Spleen (Experiment 1 )— Sx\ty-three grams of 
ground up dog spleen, and 50 grams of ground up dog’s lner as control 
(high uricolytic power of dog liver having been demonstrated) were each 
mixed with three volumes of saturated toluene water and strained through 
cheese cloth after standing over night at room temperature To the spleen 
extract thus obtained was added a solution of 0 1735 gram of uric acid, and 
to the liver extract was added 0 1616 gram of uric acid Both were then 
kept at about 40° C with a supply of air passing through them, for 48 hours 
and they were then analyzed for uric acid From the spleen extract tins 
recovered 0 1919 gram of uric acid, while the liver extract did not contain 
a trace of uric acid 

Experiment 2 — Eighty grams of ground up dog spleen were allowed to 
stand at room temperature over night, and was then strained through 
cheese cloth The extract was divided into two equal portions to No 1 
was added 0 1655 gram uric acid in solution, and to No II, after boiling 
fifteen minutes was added 0 1962 gram uric acid in solution Both were 
then kept at about 40° C for twenty-four hours, during which time they re- 
ceived a supply of air bubbling through them and were then analj'zed for 
uric acid content From No I was recovered 0 1687 gram uric acid (which 
when recrystallized from H 2 SO 4 juelded 0 1638 gram) and from No JI 
which had been boiled, was recovered 0 1856 gram of uric acid 

SUMMARY 

1 Average of analyses of three normal dogs’ spleens resulted 
as follows 

A moisture content of about 75 to 77 per cent 

A content of ether-soluble materials between 116 and 15 5 per 
cent of the dry weight, which was made up of about 1 5 per cent 
cholesterol and between 6 and 7 per cent lecithin (leaving but 2 
to 6 5 per cent neutral fats ) 

The total soluble nitrogen ranged between 0 45 per cent and 
0 97 per cent of the dry weight, divided about equally between 
that precipitable and that not precipitable with tannic acid 

A water-soluble phosphorus content of about 0 27 to 0 52 per 
cent 

No purines were found m the water-soluble fraction, at least 
not m sufficient quantity from the amounts of tissue used to be 
recognized as such 

The insoluble part of the tissue contained about 0 26 to 0 98 
per cent of dry weight as iron, 0 53 to 0 60 per cent of dry weight 
as sulphur, and about 0 39 per cent of dry weight as phosphorus, 
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with a purine nitrogen content of 0 24 to 0 35 per cent of the drx 
v eight 

The total nitrogen content of the insoluble part was about 11 0 
to 13 4 per cent of the dry weight, which was distributed as 
follows Amid N, 8 60 per cent, Humus N, 5 76 per cent, Diam- 
mo N, 21 87 per cent, and Monamino N, 63 71 per cent 

In contrast to normal liver, examined by Wells 30 by the same 
method, the insoluble residue of the spleen contained a slightlj 
larger percentage of its dn weight as iron, about the same per- 
centage of sulphur and a greater percentage of phosphorus The 
Hausmann nitrogen fractions were also slightlj different, more 
amid mtrogen, about the same or a little more humus nitrogen, 
less chamino nitrogen and about the same percentage of monamino 
nitrogen 

2 The punnes obtained from 1 kilo (moist weight) of dog 
spleen after hydrolysis were Guanine, 1 09 gram, adenine, 0 62 
gram, hypoxanthme, 0 15 gram, and xanthine 0 04 gram 
Analj zed punne mtrogen content m one kilo moist weight — 1 62 
grains 

3 The punnes obtained from the autolysate from 1 kilo (moist 
n eight) dog spleen, after autolj sis m the absence of air, was 1 69 
grams of xanthine and 0 017 gram of hypoxanthme 

4 The purines obtained from the autolysate from 1 kilo 
(moist n eight) of dog spleen, upon autolj sis m the presence of aw, 
were 1 69 grams of unc acid, 0 09 gram of xanthme and 0 004 
gram of hypoxanthme 

5 Of the purine enzymes, evidence v> as obtamed of the presence 
of xanthme oxidase, adenase and guanase, while uncase was lack- 
ing The conversion of hypoxanthme to xanthine during com- 
parative anaerobic conditions indicates the presence of an oxidiz- 
ing enzyme with this particular function, whether it be the xan- 
thine oxidase itself or a special hypoxanthme oxidase 


Wells This Journal, i, pp 141-142 190S 




ERRORS IN THE QUANTITATIVE DETERMINATION OF 
CHOLESTEROL BY RITTER’S METHOD THE INFLU- 
ENCE OF AUTOLYSIS UPON CHOLESTEROL 1 * 

By HARRY J CORPER 

(Prom the Pathological Laboratory of the University of Chicago )* 

(Received for publication, December 3, 1911 ) 

While carrying out analyses of normal and autoljzed spleens 
reported in previous papers 3 the Ritter method 4 for determining 
cholesterol quantitatively v as found inadequate The results 
v ere so variable for the amounts used that it was thought advisable 
to investigate the steps in the method in order to find the source 
of error, and also to find out whether the method actually could 
be used for the quantitative determination of cholesterol m tissues 
At least one other investigator, Helen Baldwin, 5 * has had difficult} 
in the quantitative determination of cholesterol by this method 
The quantitative methods for cholesterol determination suggested 
up to 1908 (a discussion of these methods is given b} Glikin 0 ) 
practicall} all depend either upon the saponification of the fat 
to be examined, the cholesterol being recovered as such, or upon 
the estenfication of the cholesterol and the determination of the 
iodine figure or saponification number 
More recently Windaus 7 has suggested a new method for the 
determination of cholesterol and cholesterol esters, precipitating 

1 This work has been aided b\ a grant from the Rockefeller Institute 
for Medical Research 

A portion of this work was done in the Phj siological Laboratorj of the 
University of Illinois 

1 Cf preceding article on The Chemistry of the Dog’s Spleen and reference 
23, page 44 

‘E Ritter Zeilschr f physiol Chcm , vicm , p 461,1903 

* Helen Baldwin This Journal, iv, p 213-219 (218), 190S 

•V« Glikin Uiochcm Cenlralbl , vn, pp 289-306, 357-77, 190S 

’A Windaus Zeilschr f physiol Chcm , lxviu, pp 110-117,1910 
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them by means of digitomn Lapworth 8 reports good results 
using this method 

In order to more clearly understand where loss m Ritter’s 
method might occur, the literature was searched for studies on 
the action of the various chemicals used m the method upon choles- 
terol m forming salts, or actual decomposition products and the 
properties of these compounds 

Lindenmeyer 9 prepared sodium cholesterolate, which he purified 
from chloroform by r cooling the solution on ice, and found it to be 
insoluble m water, and that it was only slowly decomposed by 
water, weak alcohol hastening this decomposition Obermuller 10 
prepared potassium cholesterolate and found the properties 
similar to those of the sodium compound Darmstadter and 
Lifschutz 11 were able to obtain oxidation products of cholesterol 
by heating cholesterol with alcoholic potash noth a reflux con- 
denser for eight hours, the yield being 20 to 25 per cent Lif- 
schutz 12 divided the products into three phases (1) 0\*j- 
cholesterm ethers, ( 2) Oxymholesterms and (3) Dicarbonsaure 
(Chollansaure), the first two being soluble m all the ordinary 
solvents except water, and the last being soluble m water and 
alkalies and precipitating as white flocks on acidification Schulze 
and Wmterstem 13 noted a drop m the melting point of cholesterol 
exposed to the light apparently due to oxidation, as an atmos- 
phere of C0 2 prevented this change 

Lifschutz 14 states that one hour’s cooking with half-normal 
alcoholic potash does not alter cholesterol E Schulze 15 recovered 
cholesterol from substances m which potash did not liberate it so 
that it could be extracted by ether, by heating with benzoic acid 
in sealed tubes and forming an ester insoluble m alcohol and 
ether 

8 A Lnpnorth Journ of Path and Bacl , \v, pp 254-61,1911 

5 Lindenmej'er Erdmann’s PraUische Chemie, \c, pp 321-332, 1803 

10 Obermuller Zeithsclir f physiol Chcm , \v, pp 37-4S, 1891 

11 L Darmstadter and J Lifschutz Ber d deulsch chcm Ges , xvu, PP 
1122-27, 1898 

** J Lifschutz Zcitschr f physiol Chcm , 1, pp 436-40, 1906-07 

13 E Schultz and E llmterstein Ibid , \hu, pp 316-19, 1905, \lviu, PP 
546-4S, 1006, 

14 J Lifschutz Ibid , lvm, p 175, 1908 

11 E Schulze Zcitschr / anal Chcmic, Mil, p 173 
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Very little reliable work has been done on the changes occurring 
m cholesterol during autolysis, probably in part because of the 
fact that no reliable quantitative cholesterol method has been avail- 
able, and partly because the change occurring, if such does occur, 
is naturally a slow one Wmdaus, 16 method for determining 
cholesterol and cholesterol esters, and Lifschutz’s 17 recent investiga- 
tions upon the determination of the presence of oxidation pro- 
ducts of cholesterol, should make research fruitful along these 
lines 

Moore 18 failed to find any change m the cholesterol content of 
the liver in autolysis under toluene for forty-two days at 37°C 
(Cholesterol analyzing 0 038 per cent before and 0 0372 per cent 
after autolysis) He also found no significant difference between 
the cholesterol content of a normal area (0 64 per cent) and an 
rafarcted area (0 58 per cent) in a human spleen, and strongly 
objects to the reasoning of Carbone, 18 who beljeves that cholesterol 
originates from lecithin by decomposition, and of Waldvogel 10 who 
claims to have established the same by digesting lecithin with 
sterile liver juice, and who also found an increased cholesterol 
content m pathological livers as compared to normal (nonnal 
cholesterol content bemg 042 per cent, pathological — acute 
poisoning — bemg 24 46 per cent according to these analyses) 


EXPERIMENTAL PART 

Methods Ritter puts 50 grams of fat into a porcelain dish, 
adds 100 cc of alcohol, bnngs it to a boil on the water bath, and 
then adds 8 grams of sodium dissolved m 160 cc of 99 per cent 
alcohol with constant stirring (The sodium alcoholate is pre- 
pared according to the method described by Kossel and Kruger 51 
These authors bring the absolute alcohol to a boil under a reflux 
condensor and carefully add the metallic sodium to it while boil- 
ing They state that 10 cc of a 5 per cent sodium alcoholate 

18 W mdaus loc cif 

17 J Lifschutz Zcilschr f physiol Chem , hu, pp 140-4S, 1907 

" F Cru en Moore Medical Chronicle, xh», pp 204-40, 1907-0S 

” Tito Carbone 4rc/i ttal dc biol , xxv 2, p 279, 1S9G 

0 \\ nidi ogel and Mette Munch ned Woch , !m, p 402,1906 

1 Kossel and M Kruger Zntsckr f physiol Chem ,ti,p 321, 1891 
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solution thus prepared null saponify 5 grams of mutton talloiv, 
and 15 cc mil saponify 5 grains of butter fat) 22 The alcohol is 
then evaporated off on the water bath and about one and one- 
half times as much salt as fat used is added, and enough water so 
that most of the contents of the evaporating dish goes into solution 
This is then dried on the water bath with constant stirring, and 
then at 80°C, m a diying oven It is pulverized, put into a sul- 
phuric acid dessicator for a short time, then into an extraction 
thimble, and is extracted m a Soxhlet apparatus with ordinary 
ether for nine hours The ether extract is then put into a separa- 
tory funnel and shaken out with water to remove glycerin The 
ether extract is dried, dissolved m hot alcohol, precipitated bj 
means of water, precipitate dried at 100-120°C and weighed 

Experiments on the Effect of Sodium Alcoholate upon the Quantita- 
tive Yield of Cholesterol by Ritter’s Method 

In order to test the loss occasioned by the steps in the method, 
the following experiments were carried out, using pure cholesteiol 
instead of a complex fat mixture 

Experiment 1 The amount of cholesterol which can be recovered from 
salt nuxtuie, being mixed in alcohol solution, dried, and extracted by means 
of absolute ether in a Soxhlet apparatus, and the ether extract shaken out 
by means of water 

(a) "Used 0 1016 gram cholesterol and recovered 0 1026 gram 

(b) Used 0 1020 giam cholesterol and recovered 0 1030 gram 

ExrFRiMENT 2 Amount of cholesterol which can be recovered from 

salt mixture after treating with sodium alcoholate, evaporating to dr) ness, 
dissolving residue in ether and shaken out by means of water 

(a) Used 0 1057 gram cholesterol mixed with 5 cc of 5 pei cent sodium 

alcoholate and recovered 0 104S gram cholesterol 

(b) Used 0 1007 gram cholesterol mixed with 10 cc of 5 per cent sodium 

alcoholate and lecovered 0 1016 gram cholesterol 

(c) Used 0 1005 gram cholesterol mixed with 40 cc of sodium alcohol 

ate and recovered 0 0950 gram cholesterol 

(d) Duplicate of (c) Used 0 1003 gram cholesterol and recovered 

0 1020 gram cholesterol 

Experiment 3 Amount of cholesterol which can be recovered after 
solution in absolute alcohol, saponification by means of 10 cc of sodium 


52 The sodium alcoholate emplojed in the followung experiments was 
prepared according to this method, 5 per cent strength being used 
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alcoholate, evaporated to dryness, mixing vnth salt (10 to 15 grams) , and 
extraction bj means of absolute ether in a Soxhlet for 9 hours, shaking out 
ether extract with water etc 

(a) Used 0 1013 gram cholesterol and recox ered 0 0390 gram 

(b) Used 0 1012 gram cholesterol and recox ered 0 0137 gram 
Experiment 4 Similar to Experiment 3 but using onl> 5 cc of sodium 

alcoholate 

(a) Used 0 1016 gram cholesterol and recovered 0 0347 gram 

(b) Used 0 1012 gram cholesterol and recovered 0 0358 gram 
Experiment 5 Similar to Experiment 3 but using 40 cc of sodium 

alcoholate 

(a) Poured on salt in absolute alcohol solution, after saponifying 

Used 0 1014 gram cholesterol and recox ered 0 0115 gram 

(b) Duplicate of (a) Used 0 1016 gram cholesterol and recovered 

0 0390 gram 

(c) Evaporated to dryness after saponification and emulsiomzed by 

means of water, mixed with salt, dried, extracted with ordmarj 
ether, etc 

Used 0 1032 gram cholesterol and recox ered none 

(d) Duplicate of (c) Used 0 1016 gram cholesterol and recovered none 

(e and f) Not ex aporated to dryness after saponification, emulsiomzed 

with saturated salt solution, dried, ground up, extracted with 
absolute ether, etc 

Used 0 1023 gram cholesterol and recox ered 0 0163 gram 

Used 0 1002 gram cholesterol and recox ered 0 0150 gram 

Experiment 6 Amount of cholesterol that can be recovered after 
saponification bj means of 40 cc of sodium alcoholate, evaporating as 
nearlj dr} as possible, dissolved m ether and m water and these extracts 
poured on salt and dned and then extracted m a Soxhlet by means of ab 
solute ether, etc 

(a) Used 0 1010 gram cholesterol and recovered 0 0770 gram 

(b) Used 0 1003 gram cholesterol and recox ered 0 0700 gram 

As a result of the above experiments we can conclude that even 
an excess of o cc of 5 per cent sodium alcoholate added to choles- 
terol, wall prevent its complete extraction from a dried salt mix ture 
b) means of ether 

That the trouble lies in the use of an excess of sodium alcoholate 
is further shown bj the following experiments 

In order to simplify matters the following abbreviation is used 
for the x arious steps 

A Cholesterol dissolxcd in absolute alcohol and heated on water 
bath for three da} a 

B Saponifying with sodium alcoholate 
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C Mixing with NaCl and drying 
D Extracting in a Sovhlet with absolute ether 
E Shaking out the ether extract with water m a separatory funnel 
F Allowing the ether to evaporate off at room temperature, and 
drying the residue at 100° C and weighing 


TABLE OF RESULTS 


Cholesterol 


COMBINATIONS 

USED 

RECOVERED 

LOSS 


gram 

gram 

gram 

A F 

0 1068 

0 1075 

0 00 

E F 

0 1001 

0 1013 

0 00 

A C D E F 

0 1001 

0 0969 

0 0032 

B C D E F 

0 1096 

0 0955 

0 0141 

A B C D E F 

0 1061 

0 0675 

0 03S6 


In the above experiments the exact amount of sodium alcohol- 
ate used was not noted, as they were carried out before the first 
set cited 

Now if an excess of sodium alcoholate thus affected the yield of 
cholesterol by the Ritter method when pure cholesterol was used, 
what would be its effect upon the cholesterol yield from tissues' 1 
In this case we are unable to tell the exact amount of fats and 
esters present, and therefore the amount of sodium alcoholate 
necessary to saponify them If we use too small an amount our 
result will be high, due to the unsaponified fats and esters remain- 
ing as such with the cholesterol, and if we use too much the choles- 
terol yield will be low To test these points the following experi- 
ments -were carried out m the ether and alcohol extract from a 
steer spleen 

The steer spleen weighed about 850 grams (moist) and yielded 
an alcohol and ether extract weighing 29 13 grams, which was 
dissolved m a liter of absolute alcohol and divided m 50 cc samples 
(5 per cent of the total extract) for the following analyses for 
cholesterol 

Cholesterol 


Experiment 1 The extract after evaporation was dissolved in 10 cc 
of absolute alcohol and warmed, 10 cc of 5 per cent sodium alcoholate 
was added and the mixture warmed several hours, evaporated to drjness, 
redissolved in absolute alcohol, poured on 10 to 15 grams of salt, dried, 
extracted in a Soxhlet with absolute ether 
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Results (a) Yielded 0 0263 gram cholesterol 

(b) Yielded 0 0195 gram cholesterol 
Experiment 2 Identical with Experiment 1 except that the saponified 
mixture was poured dircctty on the salt (without evaporation) 

Results (a) Yielded 0 0162 gram cholesterol 
(b) Yielded 0 03S0 gram cholesterol 

Experiment 3 Identical with Experiment 2 except 30 cc of absolute 
alcohol was used as a solvent before saponification 
Results (a) Yielded 0 0215 gram cholesterol 
(b) Yielded 0 052S gram cholesterol 

Experiment 4 Identical with Experiment 2, but used 40 cc of sodium 
alcoholate and evaporated the saponified mixture as nearly to dryness as 
possible, redissolv ed and poured on salt 

Results (a) Yielded 0 0072 gram cholesterol 

(b) Yielded 0 0066 gram cholesterol 

(c) and (d) were not evaporated after saponification before 

adding to the salt 

(c) Yielded 0 0050 gram cholesterol 

(d) Yielded 0 0100 gram cholesterol 

Experiment 5 Identical with Experiment 1 except that only 5 cc of 
sodium alcoholate was used 

Results (a) Yielded 0 1773 gram cholesterol 
(b) Yielded 0 1600 gram cholesterol 

Experiment 6 The object of this experiment was to compare an old 
preparation of sodium alcoholate (five months old) and of dark brown 
colot with the freshly prepared compound It is practically a duplicate of 
Experiment 5 but using 5 cc of old sodium alcoholate 
Results (a) Yielded 0 1624 gram cholesterol 
(b) Yielded 0 1S40 gram cholesterol 

Experiment 7 Resembled Experiment 5 except in that the mixture 
was not evaporated to drvness after saponification but poured directlv on 
the salt after standing 24 hours 

Results (a) Yielded 0 1306 gram cholesterol 
(b) Yielded 0 1312 gram cholesterol 

Experiment 8 Identical with Expenment 1 but used 3 cc 5 per cent 
sodium alcoholate (The resulting product was only slightly oily m ap- 
pearance) 

Results (a) Yielded 0 2180 gram cholesterol 
(b) Yielded 0 2155 gram cholesterol 

Experiment 9 Identical with Expenment 8, but used only 1 cc of 
sodium alcoholate (The product was not crystalline but oily) 

Results (a) Yielded 0 3543 gram cholesterol 
(b) Ytclded 0 2956 gram cholesterol 

As a result of the above experiments we can conclude that the 
best yield of cholesterol is obtained from the alcohol and ether 
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extract of the spleen when about 5 cc of 5 per cent sodium alcohol- 
ate is used to saponify 1 5 gram of the ether-aclohol extract, we 
must, however, expect an error in the quantitative results on this 
amount of extract of from 10 per cent to 25 per cent 

Cholesterol in Autolysis 

Remembering the possibility for analytical error by the Ritter 
method as shown above, the following experiments can carry no 
great weight, but will merely be cited to show that there is no 
marked change in the cholesterol content of the spleen (dog) 
during autolysis 

Experiment 1 Sixty-five grams of ground dog spleen were mixed 
with 0 338 gram of cholesterol suspension (made by dissolving the choles- 
terol in a minimum amount of absolute alcohol and pouring it into 0 9 per 
cent sodium chloride solution), toluene was used as preservative and the 
mixture allowed to autolyze for ninety-two hours at room temperature 
Recovered 0 591 gram of cholesterol or 0 253 gram above the amount 
added which must have come from the spleen (Extraction, etc , was 
carried on here as in the case of the steer spleen analyses ) 

Experiment 2 Sixty-five grams of ground up dog spleen was mixed 
with 0 314 gram cholesterol (suspended in 0 9 per cent NaCl-toluenc 
water) The mixture autolyzed at room temperature for fif ty-three hours 
Recovered 0 5566 gram cholesterol or 0 242 gram of cholesterol ov er 
the amount added 

As a few successful analyses for cholesterol were obtained while 
carrying out the autolysis experiments reported m previous papers” 3 
they may be put into tabulated form for comparison with the two 
above mentioned experiments For the sake of convenience the 
figures will be given m the form of the amount of cholesterol found 
m one gram dry weighty of spleen (on a basis of 23 per cent of 
solids m fresh spleen) In Experiments 1 and 2 above only the 
cholesterol content of the splenic tissue is given (that obtained by 
deducting the cholesterol added) 


a Work to be published m the Journal of Experimental Medicine upon 
correlation of chemical and histological changes 
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SPLEEN 

l CHOLESTEROL PER l 
XT HE ATTTOLTEEH ORAM OUT "WEIGHT 

l SPLEEV 

1 



gram 

Normal (Spleen B Ref 3) 

0 00 

0 0150 

Experiment 2 (above) 

53 hours 

0 0162 

Experiment 1 (abov e) 

92 hours 

0 0169 

•Sixdajs autoljsis (spleeuH,Ref 3) 

6 dajs 

0 0216 

’Two dftjs irmt'onutohsis (Spleen I, 



Ref 2) 

48 hours in nvo 

0 0217 


"These two spleens were analysed at the came time the normal spleens above being analysed 
at an earlier period 


The last two cholesterol figures though differing from the first 
three by about 20 per cent are still within the error limit of the 
method 

In conclusion we can saj then that within the limit of error of 
tlie Ritter method for cholesterol, this constituent of the tissues 
does not marked!} change m amount dunng autolj sis 

GENERAL SUMMARY 

1 A source of error was found m the quantitative estimation 
of cholesterol by the Ritter method, in the fact that the presence 
of an excess of sodium alcoholate over that necessarv for the 
saponification of the fats and esters, prevents a complete extraction 
of the cholesterol from the salt mixture by means of etber 

2 This error ma> vary from 5 per cent to 20 per cent in the 
case of a normal tissue when there is an excess of from 1 cc to 
3 cc of a 5 per cent sodium alcoholate solution used m the saponi- 
fication of 1 5 grams of the alcohol-ether extract 

3 The Ritter method for the quantitativ e determination of 
cholesterol m tissues should be used onh with certain restrictions 
and precautions m mind 

4 No marked change was found m the amount of cholesterol 
present m the dog spleen after m vitro and in. vivo autolysis of 
short duration 

5 The steer spleen contains about 0 4 per cent of its moist 
weight as cholesterol 




THE HAEM AGGLUTINATING AND PRECIPITATING 
PROPERTIES OF THE BEAN ( Phaseolvs ). 

Bi EDW ARD C SCHNEIDER 

(From (he Department of Biology of Colorado College, Colorado Springs, 

Colorado ’) 

(Receiied for publication December 4, 1911 ) 

The extracts of a number of hinds of seeds are capable of pro- 
ducing in nlro an agglutination and sedimentation of the red 
blood corpuscles of various animals This peculiar property is 
largely confined to species of the Legummosae and to a fen Sol- 
anaceae, although an occasional member of other families may 
possess it The property was first noted among certain toxic 
seeds, the set eral species of Ricimis, Abrus pecatorius, and Croton 
tighnm - In recent j ears the list has been enlarged by a careful 
search for haemagglutimn bearing seeds Landstemer and Raubit- 
scheh 3 found this property in extracts of beans, Phaseolus, peas, 
Ptsum, vetches, Vicia, and lentils, Ervum, and \ Eisler and v 
Portheim 4 report its presence m five species of Datura Mendel 5 
added the following sweet pea, Lathyrus odoratus, lentil. Lens 
esculenta, yellow locust, Robinea pseudacacia, fixe species of 1'icia, 
Wistaria Chinensis, Caragana arborescens, senna, Cassia Man- 
landica, and sweet rochet, Hespens matronahs He also found 
among beans that the haemagglutimns are absent in the Lima 

1 Most of the work here reported was done in the Sheffield Laboratory 
of Ph\sioIogical Chemistrs of Yale University The writer wishes to ex- 
press his heartx thanks to Professor Lafay ette B Mendel for the sugges- 
tion of the problem and for his kindly interest 

* Tor the early literature on these see Jacobi Biochcmische Cenlralblall, 
i, p 2S9, 1903 

1 Landstemer and Raubitschek Centralblatl fur Bal tcrwlogie, 1 Abtei- 
lung \h, pp 660-67, 1907 

Eisler and i Portheim Zcitschnfl fur Immumtatsforschung und 
expenmentdk Thcrapic, l, p 151, 190S 

* Mendel 4rchu 10 di fisiologia, vu, pp 16S-177, 1909 
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bean Wienhaus 6 reports that this property occurs m the so\ 
bean, Glycine or Soja hispida, and Assmann 7 found it is the seeds 
of Canavalta ensiformis, Datura stramonium, and three species of 
Lathyrus 

The agglutinative property is not necessarily coincident with the 
toxic activity of seeds It varies greatly m the seeds known to 
contain haemagglutmm and does not manifest itself equally veil 
with the blood of different kinds of animals Among laboratory 
animals Mendel 8 reports the blood of the rabbit to be most sus- 
ceptible, and those of the pig and the sheep the most refractor\ 
The extract of a number of the seeds noted above reacts well with 
rabbit’s blood but gives negative results with all other bloods 
tested The reaction is strongest with suspensions of serum-free 
corpuscles Landstemer 9 found the normal blood serum of many 
kinds of blood capable of checking the process but that aggiu 
tmation occurred readily when washed corpuscles were used 

Several workers have suggested methods for obtaining purified 
preparations of the agglutinins from the crude extracts Land- 
stemer and Raubitschek 10 found that (1) the addition of a little 
acid produced a precipitate which contained only a trace of the 
agglutinin, the chief portion remaining in the filtrate (2) When 
alcohol was added an agglutinative precipitate was obtained 
It was also observed that when this precipitate was redissolved 
theie was no loss of power (3) The agglutinin was also salted 
out with the proteins on saturation with ammonium sulphate 

From the extract of beans "Wienhaus 11 separated a mixture of 
piotems to which he has applied the name of Phasm Ten grams 
of bean meal were extracted with 500 grams of 0 9 per cent sodium 
chloride solution for twenty-four hours and then filtered To the 
filtrate an equal volume of alcohol was added A voluminous 
precipitate of albumin and globulin was secured in wdnch the agglu- 
tinin is held quantitative^ On drjnng this precipitate in a 

c Wienhaus Biochetmsche Zettschnft, win, pp 22S-60, 1909 

7 Assmann Pftugcr’s Archiv, c\\\vu, pp 489-510, 1911 

8 Mendel Loc cit 

5 Sec Raubitschek Hamagglutimne pflanzhchcr ProvcnicnziindihreAnti * 
lorpcr, Kraus and Levadite’s Handbvch dcr Tcchmh und Mcthodil dcr 
Immumtatsforschung, p 625, 1911 

10 Landstemer and Raubitschek Loc ci( 

11 Wienhaus Loc cit 
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vacuum he secured a white powder which yielded to physiological 
salt solution all of the agglutinin and some inactive proteins He 
suggests that he hopes later to free the “Phasm” from proteins 
by digestion 

Landsteiner 12 employed the characteristic of erythrocytes 
that causes them to give up to the suspension fluid, when gently 
heated, the agglu tinins with which they are combined To this 
end he agglutinated, m an ice chest, sensitive serum-free corpus- 
cles with purified bean extract for several hours The corpuscles 
were then washed with cold isotonic salt solution in a centrifuge 
until no trace of agglutinin was found in the washing solution The 
agglutinated corpuscles were next suspended in a small amount of 
salt solution and stirred for an hour at 45° C With precautions 
to avoid cooling they were then centnfugalized By this means 
he obtained a clear but often red colored solution containing the 
agglutinin This he found he could further purify by dialysis or 
with ammonium sulphate 

Thus far the nature of these vegetable haemagglutimns has not 
been satisfactorily determined Landstemer and Raubitschek 
conjecture it to be a protein by analogy with the very pure ricm 
isolated by Osborne, Mendel, and Hams 15 The latter investi- 
gators separated the proteins of the castor bean, Ricinus zanzi- 
barensis, by dialysis and fractional precipitation with neutral salts 
and found the physiological properties, toxic and baemagglutina- 
trve, to be associated with the coagulable albumin The agglu- 
tmatrv e action was absent m the globulin and proteose fractions, 
and very active in the albumin fractions 

SEPARATION OF THE PROTEIN CONSTITUENTS OF THE BEAN 

In view of the experience of Osborne, Mendel, and Harris an 
attempt has been made to separate the haemagglutnun of the 
Scarlet Runner bean, Phaseolus 7nulhfiorus , Willd A preliminary 
examination of a number of varieties of be ans was made for the 
purpose of determining which is richest in haemagglutimns 

15 See Raubitschek m Kraus and Levadite’s Handbvch der Tcchnxf vnd 
Mcthodt! dcr Immumldlsforschung, p 625,1911 

n Osborne, Mendel and Harns American Journal of Physiology. \iv, pn 
259-SO, 1905 

tun locus m* ot biolocicac cmansraT n \o 1 
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Among these were the dwarf wax-podded varieties Burpee’s Kid- 
ney, Wardell’s Kidney Wax, Red Kidney, Dwarf Champion, and 
Early Six Weeks, and the climbing wax-podded variety Golden 
Champion of P vulgaris, L , also the Scarlet Runner, P vnilh- 
for us, Willd The extracts prepared from equal weights of bean 
meal were almost equally active The Scarlet Runner seed is 
much larger than the seeds of the other varieties which favored the 
removal of the seed coat 

The Scarlet Runner beans were first passed through a very coarse grinder 
Much of the seed coat was thus broken away from the substance of the cot\- 
ledons and was blown out with an air blast Afterward these cracked beans 
Tvere ground to a coarse meal arid treated with benzine to remove the oil 
Following this the coarse meal was ground to a ponder and 1 kilo of it w as 
extracted with 5 liters of a 2 per cent sodium chloride solution that had 
been previously heated to G0° C After frequent stirrings for two hours it 
was placed in a cold room over night and then Sltcred perfectly clear The 
extract was dialyzed in running water for thirty-six hours The precipitate 

I which separated w as filtered from the solution B and dried Unfortunnteh 
precipitate 1 w as dried so slowlj that more than two-thirds of it was changed 
into an insoluble protean 

Solution B was fui ther dialyzed three days and yielded a heavy precipitate 

II which, when dried, was more than 85 per cent soluble The solution while 
dialyzing tended to become acid in reaction and required frequent ncutrah 
zation It was protected against decomposition with toluene 

Solution Bl, winch remained after filtering off precipitate 11, was again 
dialyzed four more days and yielded a small amount of precipitate 111 
Precipitates 1 and 11 were the globulin phaseolin, and 111 was probnblj the 
other globulin, phaselin, separated by Osborne 14 from the kidnej bean 

The proteins remaining in solution B2 (obtained from Bl on filtering off 
precipitate 111) weie salted out by saturating with ammonium sulphate 
This procedure yielded precipitate IV and solution B3 Solution B3 was 
then dialyzed in running water until free from salts when it was found it 
did not contain a trace of the haemagglutmin 

Precipitate IV w as dissolved in a small volume of water and the clear solu 
tion C was then saturated with magnesium sulphate and weakly acidulated 
with acetic acid The small amount of precipitate V, w'hich will be called 
albumin, was then filtered from solution Cl 

The albumin precipitate, V, w r as redissolved and precipitated with ning 
nesium sulphate and then dissolved in a very small volume of w ater From 
this solution the salt w as removed by dialysis The solution w as next evap- 
orated at a low temperature and juelded 0 3 gram of albumin 

14 Obsorne Journal of the American Chemical Sociely, xvi, p 633 and p 
707, 1S04 
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Solution Cl was dial} zed for several weeks until free from salt, then was 
aporated in low dishes at 4S° C Almost a gram of proteoses was secured 
rom this solution 


THE ACTION OF THE BEAN PROTEIN PREPARATIONS ON BLOOD 

Tests were always made with defibnnated rabbit’s blood diluted 
(1 5) with 0 9 per cent sodium chloride solution One cubic 
centimeter of this blood mixture was placed m a small and % ery 
narrow test tube, and 2 cc of the protein preparation, dissolved 
in the salt solution, were added The time of the visible beginning 
of agglutination and the condition at the end of two, four, and 
tweh e hours were noted 

Preliminary tests with the phaseolm and phasehn (preparations 
I, II, and III) revealed the presence of haemagglutinm Prepara- 
tion II was most active but none of the globuhn preparations 
exhibited the property m a striking degree Believing that these 
proteins adsorbed the haemagglutmin, an attempt was made to 
punfj precipitate II About half of preparation II was chssolv ed 
m 0 9 per cent sodium chloride solution One-half of this solution 
was dial} zed until it yielded its phaseolm, preparation Ha, and the 
other half of the solution was saturated with magnesium sulphate 
The resulting precipitate was redissolved m water and on dial} sis 
yielded preparation lib Preparations Ha and lib were less actn e 
ti an preparation II This weakening in activity by purification 
indicates that the haemagglutmin m these preparations is held 
there b} adsorption 

The albumin, punfied from precipitate V, was also active but 
less so than the globulins The degree of activit} of the albumin 
and globulins is giv en in Table I 

The proteose preparation was found to be rich m ha emagglu- 
tinin It produced strong agglutination when present in blood 
dilutions of one part to 100,000 and more "Wienhaus 15 found his 
crude product “Phasin’’ completely agglutinated rabbit’s blood 
in the ratio of 1 7000 m fifteen hours, and with cat’s blood, which 
reacted still better, m dilutions of 1 11,000 in eighteen hours and 
1 60,000 in tw entv -three hours Assmann 16 also working with a 

1S Vi icnhaus Biochemmchc Zeitschnft win, p 232-33, 1909 

" Assmann Pfitigcr's 4rcfut, cvxmi, pp 4S9-510, 1911 
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TABLE I 

Agglutination Trials with Protein Preparations 


PREPARATION TJSEd 

MILLIGRAMS 

ADDED TO 1 CC 

OF BLOOD 

MIXTURE 

FIRST INDICATION 

OF AGGLUTINATION 

REMARKS 

No I Phaseohn i 

' 5 000 

2 minutes 

Complete in 2 hours 


1 000 

25 minutes 

Partial m 12 hours 

/ 

3 000 

At once 

Complete m 2 hours 


0 600 

2 minutes 

Complete in 4 hours 

No II Phaseohn < 

0 300 

5 minutes 

Complete m 12 hours 


0 200 

15 minutes 

Complete m 18 hours 


0 150 


Trace 


0 100 


Negative 


0 600 

4 minutes 

Complete in 4 hours 

No Ila Phaseohn 

0 300 

10 minutes 

Complete in 12 hours 


0 200 

(’) 

Partial m 12 hours 


0 150 


Negative 


1 500 I 

2 minutes 

Complete m 12 hours 

No lib Phaseohn • 

0 750 

P) 

Complete m 18 hours 


0 300 


Negative 

No III Phasehn 1 

3 000 

4 minutes 

Complete in 4 hours 

l 

0 600 

p) 

Trace 

No Y Albumin j 

3 200 

4 minutes 

Complete m 12 hours 


0 610 


Negative 


0 300 

At once 

Complete m 2 hours 


0 060 

At once 

Complete in 2 hours 


i 0 020 

2 minutes 

Complete in 4 hours 


\ 0 015 

15 minutes 

Complete in 12 hours 


0 0075 

19 minutes 

Complete in 18 hours 


j 0 0037 

P) 

Partial in 18 hours 


"Phasm” preparation obtained agglutination of diluted rabbits 
blood in 1 35,000 The rapidity of action and the dilutions of the 
proteose preparation that are effective are given m the latter part 
of Table I This preparation is very soluble and gives the dis- 
tinctive proteose tests One milligram of the proteose dissolved 
m 1 cc of salt solution added to 5 ce of undiluted defibrinated 
rabbit’s blood produced almost instantaneous agglutination, and 
a solid clot-like mass of corpuscles settled out leaving a clear serum 
m less than half an hour Table II gives further testimony as to 
the power of the haemagglutimn associated with the proteose 
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TABLE II 



» 

MILLIGRAMS OF TROT LOSE ADDED 

VISIBLE 

agglutination 

COMPLETE 

AG GLUTI NATION 

AND 

SEDIMENTATION 


lOxnlcc 0 9 per cent NaCl 

At once 

20 minutes 


0 5inl.ee 0 9 per cent NaCl 

At once 

45 minutes 


0 4 in 1 cc 0 9 per cent NaCl 

At once 

1 hour 

5 cc of 1 .5 blood • 

0 3 mice 0 9 per cent NaCl 

At once 

2 hours 


0 2m 1 cc 0 9 per cent NaCl 

2 minutes 

6 houre 


0 1 in 1 cc 0 9 per cent NaCl 

k l 

4 minutes 

Incomplete 
m 6 hours* 


• Farther observation was Impossible because It then stood over night at room temperature 
All but the last gave a firm clot like m&33 in the time recorded 


It seemed probable, m view of the observation that the haemag- 
glutinm was largely confined to the proteose preparation, that all 
proteoses might cause agglutination Hence tests were made with 
Witte’s peptone upon the diluted rabbit’s blood corpuscles but 
these uere entirely negative 

DOES ATJTOLYSIS ACCOUNT FOR THE HAEM A G GLUTI NIN ? 

The presence of the haemagglutmin m the proteose preparation 
also suggested that it might be a product of the hj drolysis occur- 
ring in the solution during the penod of extraction and later To 
settle this point a fresh extract was prepared as rapidly as possible 
and immediately tested for its agglutinating power A portion 
of^the extract was also immediately heated for five minutes at 
82° C a temperature the haemagglutmin withstands for thirty 
minutes without injury 1 ' — the coagulated proteins were filtered 
off and the filtrate was then tested for the relative amount of haem- 
agglutmm There was slightly less m this than m the original 
extract as is shown m Table III This is very likely due to a 
slight adsorption by the coagulated proteins The remaining 
portion of the original extract, after the addition of toluene, was 
set aside m a cool room for thirty daj s Its agglutinating power 
was again determined on the eighth and thirtieth days There 
vas not a decided change m agglutinating power as will be observed 

17 \\ lenhaus hoc exf 
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TABLE III 


extract diluted 
W ITH 0 9 PER CENT 

— 

ERESH EXTRACT 

AFTER HEATING 

IT\E MINUTES AT 
82* C 

EXTRACT EIGHT 

DATS OLD 

1 

EXTRVCT 

THIRTY DVTfi 

OLD 

Undiluted 

Complete 

Complete 

- — 

Complete 

Complete 

i ioo ; 

Complete 

Complete 

Complete 

Complete 

1 200 

Complete 

Complete 

Complete 

Complete 

1 300 

Complete 

Complete 

Complete 

Complete 

1 400 

Complete 

Partial 

Partial 

Complete 

1 500 

Partial 

Slight 

Partial 

Complete 

1 600 

Partial 

Negative 

Slight 

Partial 


* Two cubic centimeters of extract and 1 cc of 1 5 blood used In each teat Agglutination 
recorded at end of twelve hours 


m Table III It was also found that active agglutinins may be 
secured by extracting the bean meal at 80° C From these obser- 
vations it would seem that autolysis does not account for the 
haemagglutmin m the proteose preparation 

Digestion trials Obsorne, Mendel, and Harris 18 showed that 
the toxicity and agglutinating power of their pure preparation of 
ricm could be impaired or destroyed by pancreatic digestion pro- 
longed two or three months Wienhaus, 19 on the other hand, m 
digestive trials with pepsin, trypsin, and papain made on his 
“Phasin’’ for periods ranging from three to seven days failed to 
show any destructive action 

The haemagglutmative proteose preparation was subjected 
to various digestive trials with trypsin, erepsra, and mixtures of 
these two, m water and m sodium carbonate solutions for a period 
of twenty-eight days with practically negative results The diges- 
tive mixtures were tested with fresh blood fibrin and Witte’s 
peptone several times during the period and found to be active 
Wienhaus calls attention to the fact that his “Phasin’’ acts as a 
protein and he expresses the opinion that it is a protein or enzyme- 
like substance Since Wienhaus’ digestion trials were so very 
short and the effective trials of Osborne, Mendel, and Harris were 
so prolonged the failure of the proteose preparation to respond to 
digestive agents in the time allowed still leaves the question of the 

18 Osborne, Mendel and Harris American Journal of Physiology, uv, p 
2S4, 1905 

10 Wienhaus Bwchcmisclic Zcilschrifl, \un, p 25G, 1909 
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digestibility of these baemagglutinms open A more prolonged 
senes of carefully controlled digestive trials is planned for the near 
future 

IS THE HAEM AGGLUTININ A FOOD STORED FOR THE USE OF THE 
GROWING SEEDLING 7 

If the haemagglutmm of the seed is a proteose it should readily 
be utilized by the growing seedling m the early growth after 
germination It is also probable that preliminary to the translo- 
cation of the protein from the cotjledons to the growing tissues 
of the seedling further haemagglutmm may be formed from the 
proteins by the action of the enzymes evoh ed dunng germination 
It certainly is surpnsmg to find the haemagglutmms in the proteose 
portion of the seed, inasmuch as proteoses and peptones are not 
commonly normal constituents among the reserve proteins of seeds 
They are of course present Jto some extent dunng germination It 
maj r be noted here that Osborne” 0 found a small amount of pro- 
teoses when he studied the proteins of the kidney bean He did 
not determine whether the proteoses were a normal constituent of 
the seed or a product of autolj sis dunng extraction Landstemer 
and Raubitscheh" 1 showed the agglutinin to be absent from green 
beans A future study must determine when the haemagglutmm 
enters the seed and an attempt be made to learn its source, 
whether it is formed in the seed or brought to it to be stored 

To determine if the haemagglutmm is utilized bj the seedling 
and w hether it is increased m amount dunng germination a study 
was made of seedlings and cotjledons at frequent intervals, from 
the beginning of germination until the depleted cotjledons fell 
from the seedling Tw o senes of observ ations were made, one with 
plants grown in darkness and the other with sturdj" plants grown 
in the light For the determination of haemagglutmm content 
the seedlings were hastilj washed and the cotjledons separated 
from the seedling close to the stem, and then cotjledons and seed- 
lings dried separatelj IVhen drj each was ground to a powder 
and known weights extracted with constant proportions of a 0 9 

50 Osborne Journal of the Imcncan Chemical Sacicln ni. pp ToS-G-1 
1S94 

1 Landstemer and Raubitschek Loc cil 



5 6 Haemagglutinm of the Bean 

per cent sodium chloride solution Three kinds of beans were used, 
the Scarlet Runner, Wardell’s Kidney, and the Early Si\ Weeks 
The cotyledons of the last two are lifted above the soil by the grow- 
ing stem of the seedhng while those of the Scarlet R unn er remain 
underground The underground habit of the Scarlet Runner made 
it difficult to secure from the late stages cotyledons that had not 
undergone decomposition to some extent The data obtained 
from the three kinds of beans were wholly concordant through- 
out each series 

Repeated tests •with colorless seedlings and with the green leaves 
and stems of those grown in the light failed to show the slightest 
trace of agglutinative power Hence the haemagglutinm as slich 
is not carried into the seedling or, at least, not m sufficient amounts 
to be detected Roots, stems, and leaves were also examined 
separately from plants of many sizes, all being negative The 
agglutinin is not a normal constituent of the organs of the vegeta- 
tive plant 

As a type of the results obtained, those with the cotyledons of 
the Wardell s Kidney bean are given in Table IV, p 57 Dur- 
ing the early days of growth the agglutinative action for equal 
weights of cotyledon is only slightly lowered, which indicates that 
the haemagglutmms are withdrawn gradually along with other 
stored foods Later there is a more rapid disappearance of the 
agglutinin Extracts prepared from cotyledons that fell from the 
seedlings of Wardell’s Kidney bean and Early Six Weeks bean, 
grown in darkness, gave no agglutinative response From seed- 
lings of all three varieties when grown m light, and the Scarlet 
Runners grown in darkness, it was impossible to get depleted coty- 
ledons wholly fi ee from the haemagglutimns With each, however, 
there was a very marked quantitative reduction m this property 
It follows, therefore, that the haemagglutinm of the bean is utilized 
or destroyed, along with other stored foods, by the developing 
seedling 

THE PRECIPITATING REACTION Or BEAN EXTRACTS 

When the clear extract of any of the several beans examined in 
this study was added to rabbit’s blood serum a flocculent precipi- 
tate alwaj's appeared The reaction usually occurred slowly 
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TABLE XV 

Warden's Kidney Bean During Germination and Early Growth 
Grown in Light 


weight t>v 'ifTE'rrt 

COTTZETKJ'iS 

LENGTH OF BEEDI4NG 

GREATEST DIEUTIOV AT WHICH 
ACatOTlNATtOS WAS OBTAINED 

gram* 

1 

centimeter* | 


6 000 

0 

1.550 

0 918 

9 0 

1.350 

0 606 

13 2 

1 BOO 

0 300 

17 8 

1 100 

0 262 

* 

Undiluted 


Grown in Darkness 


1 000 

9 4 

1 400 

0 50S 

13 2 

1 200 

0 245 

18 3 

1 150 

0 215 

35 5 

i 

Negative* 


• Cotyledons that had fallen from seedlings 


For some minutes, and often more than an hour, after the addition 
of the extract to the blood serum the mixture remained clear It 
then gradually became cloudy and opaque, finally thewhitefloccu- 
lent precipitate appeared The entire reaction may be completed 
within a few minutes when strong extracts are used but will require 
five or more hours with dilute extracts 

This precipitating reaction is not constantly associated with the 
agglutinative property of seed extracts It was found to be 
absent m extracts from such agglutinin containing seeds as the 
TFvsfano Cf unensts, the hairy vetch, Ficia nfosa, and the pea, 
Pisvm sativum From the sweet pea, Lathy rus odoraius, an extract 
nas obtained that gave a slight clouding of the serum but it 
failed to produce a precipitate 

A fresh extract prepared from Scarlet Runner bean meal was 
heated repeatedly at various temperatures for five-minute inter- 
vals, and after each period of heating the coagulated proteins 
were filtered off and the filtrate then tested for the agglutinating 
and precipitating properties Both properties continued practi- 
cally undimimshed up to a temperature of 80° C At 83° C the 
precipitating power uas destroyed m ten minutes Table V 
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TABLE \ 


CONDITION OP EXTRACT 

PRECIPITATE IN SERUM 

agglutination 

OP CORPUSCLES 

Fresh 

Heavy in 50 minutes 

Strong 

After heating at S0 D for five minutes 

moderate m 4 5 hours 

Strong 

After heating at S3° for five minutes 

Trace m 7 hours 

Strong 

After heating at S5° for five minutes 

Negative 

Strong 

After heating at S7° for five minutes 

Negative 

Strong 

Aftei heating at 91° for five minutes 

Negative 

Strong 

After heating at 94° foi five minutes 

Negative 

Negative 


shows a tiace present after five minutes at 83° The agglutina- 
tive power was weakened above this temperature, but withstood 
five minute exposures to 91°, and was wholly destroyed at 92° 
Table V contains the data obtained from one series of heat tests 
The protein preparations separated for the stud}'' of the agglu- 
tinins have also been tested for the precipitin reaction The glob- 
ulin preparations II, Ila, and lib were i ich m it while I contained 
a trace The albumin (V) gave a negative test, and 3 mgm of the 
proteose preparation m 2 cc of serum failed to give the reaction 
It was also found that after serum had been added lepeatedfy 
to extract until no more precipitate formed that the mixture 
retained its agglutinating power piactically unaltered 

These several diffeiences warrant the conclusion that the ‘precipi- 
tating and agglutinating piopeihes of die extiacts of beans are due 
to different constituents of the seed Or we may better evpiess it that 
rabbits blood contains a piecvpitm for certain of the bean’s proteins 
Wienhaus 2 " made certain obseivations which are of interest m 
this connection He found his "Phasin’’ did not react with serum 
taken fiom hen's blood On adding the preparation to a clear 
fluid collected from the joint of a diseased knee a heavy precipi- 
tate was obtained After immunizing rabbits to the phasm it 
was impossible to obtain a precipitate in the blood serum on the 
addition of phasm He points out that this is contrar}’- to the 
experience of Jacoby and others when they immunized animals to 
ricm, abrm, and crotin, inasmuch as these substances gave a pre- 
cipitate when added to the immune sera It would seem from 
Wienhaus’ work that the agglutinating and precipitating proper- 
ties are both lost for the blood on immunizing the animal 


* Wienhaus Loc cii 
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The precipitating property does not occur in extracts of bean 
plants It disappears from the cotyledons, as does the agglutinin, 
•with germination and the growth of the seedling 

stum ART 

1 The proteose prepared from the Scarlet Runner bean was 
found to be a very active haemagglutmatmg agent Other bean 
proteins contained some haemagglutimn but this was shown to be 
adsorbed by them 

2 The haemagglutimn is not a product of autolysis 

3 The haemagglutimn gradually disappears from the cotyle- 
dons, simultaneously with the stored food, as the seedling develops 

4 The agglutinative property does not occur in the extracts 
of the roots, stems, or leaves of the bean plant 

5 The addition of the clear extract of beans to rabbit's blood 
serum produces a flocculent precipitate This reaction is not coin- 
cident with the agglutinating property of all haemagglutimn con- 
taining seeds and appears to be chief] \ associated with the phaseo- 
lin in the bean 

Since this paper was written there has been brought to my' 
attention an abstract, in the Zeniralblatt fur Biochemie, xu, p 391, 
1911, of a recent paper by' \ Eisler and \ Portheim They 
regard the haemagglutimn as a protein and prove it to be a 
reserve substance that disappears from the embryo during 
germination 




ON T HE RECOVERY OF ALCOHOL FROM ANIMAL 
TISSUES 

Bi PAUL J HANZL1K 

( From the Pharmacological Laboratory of the Medical School of Western. 

Reserve University ) 

(Received for publication, December 7, 1911 ) 

In the course of some experiments on the absorption of alcohol, 
I have found it advantageous to introduce certain modifications 
m the current distillation method 
The procedure which is herewith descnbed differs only m a few 
points from those already in use, but these points are rather impor- 
tant They involve (1) the digestion of the tissue with phosphoric 
acid to liberate the alcohol and to facilitate its distillation, (2) 
the automatic filtration of the distillate to remove the volatile 
solid products which would interfere with the specific gravity 
determination, and (3) a more delicate ring modification of Anstie’s 
test, to determine the completion of the distillation 
The method is as follows 

The organ or tissue (15 to 300 grams) is placed in a distilling flask 
of 1000 cc capacity and 50 per cent phosphoric acid (5 to 25 cc ) 
is added, together with 300 cc of water 
The flask is then connected with a condenser In the distal 
end of the condensing tube a plug of dry absorbent cotton is packed 
rather firmly The flask is heated over a direct flame or sand bath 
until the distillate no longer gives a bluish or light green color 
with Anstie’s test made bj contact A distillate of 200 cc nsualh 
suffices with small quantities of alcohol 
The distillate, which is free from insoluble matter, is stirred by 
gentle rotation of the flask and carefully measured and its specific 
gravity determined with a pj knometer at 25° C , m the us ual 
manner The alcohol percentage is calculated from the alcohol 
specific gravitj tables of the United States Pharmacopoeia 

6i 
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The modifications u ere adopted for the following reasons 

1 The addition of phosphoric acid This has two advantages 
it liquefies the tissues and thus hastens the distillation, and it makes 
the recovery of the alcohol more complete, increasing the yield 
b.Y about 1 3 per cent The quantitative data vail be discussed 
later 

2 The automatic filtration of the distillate through cotton Dis- 
tillates from animal tissues, particularly from the alimentary 
tract, contain some white flaky material consisting of fatty acids, 
mdol, skatol, etc They are especially abundant if the tissue is 
acidified These falsify the readings of the pyknometer, and, there- 
foie, had to be eliminated 

Various modes of chemical treatment were tried to effect their 
lemoval, but with no practical success Sodium hydroxide pre- 
vented the volatilization of the fatty acids but the residue foamed 
so much that it was impossible to distil it Other alkalies such as 
calcium hydroxide and sodium carbonate had the same disadvan- 
tage In neither acid nor alkaline media was the volatilization of 
mdol and skatol prevented Redistillation was ineffective 

The object was finally accomplished by simple filtration of the 
distillate through filter paper or cotton This was combined with 
the distillation in the manner descubed above m order to avoid 
loss of alcohol by repeated handling of the distillates and tQ make 
the process as practical as possible In this way the distillates 
always appeared free from any insoluble matter and the pyknom- 
eter weighings were not affected 

3 The contact modification of A nstie’s method A practical quali- 
tative method of detecting alcohol was needed, to insure the com- 
pleteness of the distillation All the more common methods were 
tried, but the bichromate-sulphuric acid test 1 (also known as the 
Anstie test), modified so as to make it more delicate, was found to 
be the most useful If solutions containing very small quantities of 
alcohol are used, the green coloi obtained becomes too diffuse and 
can not be recognized To avoid this, the “contact-test” was 
perfoimed as follows The solution containing the alcohol (about 
1 cc ) is placed m a test-tube, then the bichromate-sulphuric acid 
solution 2 (about 0 5 cc ) is intioduced by means of a pipette beneath 

‘Merck Reagentien Vcrzcichmss, Darmstadt, 1903 

"Five-tenths of a gram of potassium bichi ornate dissolved m 75 grams of 
concentiated sulphuric acid 
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the alcohol layer t akin g care not to mix the solutions At the 
point of contact a blue or light green ring mil develop depending 
upon the concentration of the alcohol solution After standing 
for a short time the rang becomes more intense but gradually fades 
away owing to diffusion and the establishment of equilibrium 
beta een the two liquids 

The other tests were performed in the usual manner In all 
cases blank tests on distilled water were simultaneously performed 
The results obtained are shown in Table I Positive reaction is 
designated by + , negative by — 


TUBUS I 


TEST 

1 

! 

blank 

STRENGTH OF ALCOHOL USED 

12000 

1.5000 

J 1 £000 

1 10000 

Bichromate-sulphu- 

1 (iellow) 

+ 

+ 

! + 

j- 

nc acid (contact) 


(blue) 

| (light blue) j (green) 

(light green) 

Iodoform 

j — 


+ 

' + ? 

— 

Ethjl benzoate 

i 





(Berthelot) 

1 — 

+ 

+* 

— 

— 

Ammonium moly b- 





t 

| 

date 

| 

+ ! 

— 

1 ~ 

1 ~ 


It can readily be seen that the binhromate-sulphunc acid test 
was the most sensitive The color nng usually appeared quite 
promptly (within five minutes) With high dilutions of alcohol 
(I 10,000) a light green nng appeared mabout ten minutes Next 
m order of sensitiveness was the iodoform test In high dilutions, 
however, it was difficult to differentiate the odor of iodine from 
iodoform and the result of a search for crystals was often unsuccess- 
ful Least sensitive and reliable of all were the ethyl benzoate 
and molybdate tests In high dilutions, it was impossible to 
differentiate the odor of benzoyl cblonde from that of ethy 1 ben- 
zoate, while the molybdate gave an almost indistinguishable faint 
blue tint with the lowest dilution of alcohol 
Variable and uncertain results are to be expected m tests w hich 
require the olfactory sense On the other hand, if properly earned 
out, an objective test, such as the bichromate-sulphunc acid test, 
is apt to gu e more constant and certain results under otherwise 
v imng conditions 
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Recovery of Alcohol from Tissues 


Quantitative control tests The procedure here described, was 
tested out m the following manner Blood and intestines of cats 
and dogs were used The blood was intimately mixed with the 
alcohol The viscera, deprived of their circulation, were ligated 
at both ends and injected with different quantities of alcohols 
of known strengths The total quantity of alcohol varied between 
0 6 and 5 1 grams The material was allowed to remain different 
lengths of time before the recovery of alcohol was begun The 
results are presented m Table II 


TABLE II 


EXPERIMENT 

ABSOLUTE 

ALCOHOL 

USED 

ABSOLUTE 

ALCOHOL 

RECOVERED 

ALCOnOL 

JRECOVERED 

TISSUE OR ORGAN 
USED 

REMARKS 

distilled wrrn 


grams 

grams 

per cent 



1 

1 0245 

1 0270 

100 24 

Half of whole 

Phosphoric 





intestine 

acid 

3 

5 1100 

4 8816 

95 53 

Blood 100 cc and 

Phosphoric 





half of intestine 

acid 

4 

0 6108 

0 6300 

103 14 

Blood 100 cc 

Phosphoric 






acid 

5 

5 0900 

4 9400 

97 05 

Blood 150 cc 

Phosphoric 






acid 

6 

0 6108 

0 6200 

101 50 

Intestine 15 cm 

Phosphoric 






acid 

10 

1 4139 

1 4080 

99 58 

Intestine 15 cm 

Phosphoric 






acid 

11 

1 2568 

1 2719 

101 20 

Intestine 15 cm | 

Phosphoric 






acid 

12 

1 2568 

1 2640 

100 57 

Intestine 15 cm 

Phosphoric 






acid 

Average 



99 85 

1 


7 

2 0360 

BUfif 


Whole intestine 

Water alone 

9 

1 0180 

HI 


Intestine 15 cm 

Water alone 

Average 



98 59 



8 

1 0180 

0 99S6 

98 10 




| 




ide 

Grand 






average 



98 84 
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An inspection of the table shows that distillation with phosphoric 
acid gave the highest results The amount of alcohol recovered 
above that when water alone (Experiments 7 and 9) was used was 
about 1 3 per cent, and above that when sodium hydroxide (Ex- 
periment 8) was used about 1 8 per cent Inasmuch as the individ- 
ual results under varying conditions were quite comparable with 
the average (99 85 per cent), it would seem justifiable to conclude 
that the procedure is suitable for quantitative purposes The 
best results were obtained when the quantity of alcohol did not 
exceed 2 grams 

The results obtained agree favorably with those reported recently 
by Bacon 3 with the aid of the refractometer The average of his 
six experiments was about 97 4 per cent with quantities of alcohol 
ranging from 0 95 gram to 8 0 grams m variable strengths 
There were no animal tissues involved in the residues from w hich 
the distillates were obtained 

Hamill 4 has reported a quantitative method for the determina- 
tion of alcohol in perfusion fluids and tissues The alcohol is 
recovered by distillation and estimated volumetncally in the dis- 
tillate by sulphuric and chromic acids Good results are claimed 
to have been obtained with quantities varying from 0 5 to 1 part 
per mille Nicloux’s 5 method, also based on the principle of oxi- 
dation of alcohol by sulphuric acid and potassium bichromate, is 
said to be accurate for small quantities, the limit of error being 
about 5 percent, m more experienced hands somewhat less 

CONCLUSIONS 

The modifications in the method of alcohol estimation m ammal 
tissues, which are described in this paper, give results which are 
accurate within 1 per cent The bichromate-sulphuric acid test 
reveals the presence of alcohol m dilutions of 1 10,000 

I wash to thank Professor Solknann for his suggestions and 
criticisms in this work 


•Bacon Circular No 74, Bureau of Chenustn, 17 S Department of 
Agriculture, Julj 14, 1911 

• Hamill Journ of Physiol , xxxis, p 476,1910 

• Abderhalden Handbuch der btochcm Arbeiismelhodcn, u, p 7, 1909 

Tmc JOURNAt. or biolooica. CHElitSTRT XX NO 1 
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RESEARCHES ON PURINES 
ON 2-OXYPTJRINE AND 2-OXY-8-METHYLPTJRINE 


FOURTH PAPER 1 

Bt CARLO JOHNS 

( From the Sheffield Laboratory of Yale University ) 

(Received for publication, Decembers, 1911 ) 

Hypoxanthine or 6-oxypunne (II) was the first of the monoxy- 
punnes to be described This was isolated from ox-spleen by 
Scherer as early as 1850 2 This was almost a half century before 
Emil Fischer 3 synthesized hypoxanthine and showed that it is 
6-oxypunne 8-Oxypunne (III) has been prepared by Fischer 
and Ach 4 The third isomer, 2-oxypunne (I), was prepared by 
Tafel and Ach 5 from guanine These workers reasoned from anal- 
ogy that the compound which they obtamed must be 2-oxypunne 
but they did not offer any direct proof of its structure It may be 
for this reason or through an oversight that Fischer m the intro- 
duction to his book, TJnter sv.chung en m der Punngruppe, page 
49 (1907) states that 2-oxypunne is still unknown 

The wnter has synthesized 2-oxypunne from 2-oxy-5,6-diamin- 
opyrimidme and finds that it agrees in all respects with the descrip- 
tion given by Tafel and Ach of their compound 
When 2-oxy-5,6-diammopynmidme 6 (IV) was heated with formic 
acid a monoformyl denvative was obtamed This yielded a potas- 
sium salt which, when heated, gave off water and changed to the 

1 Amer Chem Journ , xl , p 58, 1909, Ibid , xlv, p 79, 1911, This Journal, 
i\, p 161, 1911 

* Ann d Chcm (Liebig), lvxrn p 32S, 1850 

3 Ber d dculsch chem Gesellsch, xxx, p 2228, 1897 

3 Ibid , \x\, p 2213, 1897 

1 Ibid , xxxi\ , p 1170, 1901 

'Johns lmer Chem Journ \h,p S2, 1911 
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potassium salt of 2-oxypunne As good yields were obtained, 
reasonable quantities of 2-oxypunne can be made m this manner 
2-Oxy-purine is characterized by the fact that it crystallizes with one 
molecule of water so firmly bound that it does not escape at 110° C 
On heating at 130° C the crystals become anhydrous Neither 
hypoxanthine nor 8-oxypunne crystallize with water Of the 
salts of 2-oxypunne, the picrate, nitrate, and hydrochlonde are 
easity prepared 

When 2-oxy-5,6-diaminopynmidme is boiled with acetic anhy- 
dride it forms chiefly a monoacetyl compound together with some 
of the diacetyl compound When the potassium salt of the mono- 
acetyl compound is heated it joelds the potassium salt of 2-oxy- 
8-methylpurine (V) This purine forms a picrate and a nitrate, both 
of which have rather definite decomposition points These salts 
may therefore be used to ldentifj' - this purine 

Work on the preparation of 2-oxy-l-methylpurme is almost 
completed and this compound will be described in a later paper 


N 

I 

OC 

HN- 


= CH 


C— NH 

> CH 

C—N 


N = CNH 2 

I ! 

OC CNH" 


HN- 


-CH 

IV 
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HC 
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N- 


CO 

I 

C— NH 
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-C—N 
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I 
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CH 

I 

C— 
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I 

HC 

I 
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C CH, 


HN- 


-C — N 
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CH 

I 

C— NH 


/ 

C— NH 

III 


CO 


EXPERIMENTAL PART 

Formyl-2-oxy-5 , 6-diamin opymnidme, CsHoCbNi 

Four grams of 2-o\y-5,6-diaminopyrimidme 7 were dissolved 
m 10 cc of 85 per cent formic acid The solution was heated on 


7 Johns Loc ext 
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the steam bath for an hour after which it was evaporated to dryness 
The residue was treated with a little alcohol and evaporated again 
to remove the last traces of formic acid It was then dissoh ed in 
dilute ammonia, a trace of insoluble material was filtered off and 
the filtrate was evaporated to dryness A yield corresponding to 
90 per cent of the calculated was obtained The portion used for 
analysis was recrystalhzed from water and was obtained as a 
powder composed of aggregates of very minute crystals These 
were easily soluble m hot and spanngly soluble in cold water, and 
almost insoluble m alcohol 

Calculated for 
CjHiO Found 

N 36 36 36 33 


2-Oxijpiirine 


N = 

1 

CH 

1 

OC 

| 

C — NH 

1 

i \ c 

| 

t 

NH — 

-C— N 


When formyl-2-oxy-5,6-diammopyrimidme was heated at 
160°-170° C it blackened considerably and, although it was partly 
changed to 2-oxypunne, the reaction was unsatisfactory A good 
yield of the punne could be obtained by heatmg the potassium 
salt of the formyl compound This salt was made by dissolving 
the formyl compound in a small volume of water containing a little 
more than one molecular proportion of potassium hydroxide 
Alcohol was added gradually to this solution to precipitate the 
salt v hich separated as a white pow der Fix e grams of this potas- 
sium salt were heated at 150°-160° C for an hour Water was 
liberated, leaving a hght brown crust This was dissolved m water 
and *the solution was decolorized with blood coal whereupon it 
was acidified with acetic acid On standing over night, the solu- 
tion gave a precipitate of small globules which m turn were found 
to be aggregates of very' minute prisms These were recrystal- 
hzed from water The yield was 70 per cent of the calculated 
The crystals contained one molecule of water which they' did not 
lose at 110° C When heated at 130° C they became anhydrous 
Analyses of samples dned at 110° C gave the following results 
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I 3 7600 grams of substance lost 0 4400 gram at 150° C 

II 2 6SOO grams of substance lost 0 3100 gram at 150° C 

III 0 7792 gram of substance lost 0 0907 gram at 150° C 



Calculated for 

C»HiON 4 h 0 

Found 

X I* III 

h 2 o 

11 6S 

11 70 11 57 11 64 

N 

36 36 

36 60 

0 2144 gram of anhydrous substance gave 0 0593 gram of H : 0 and 0 3475 
gram of CO. 

Calculated for 

C5H4ON4 Found 

c 


44 11 44 20 

H 


2 94 3 07 

N 


41 17 41 2S 

The properties of 2-oxypurme agreed 

m all respects with the 


description of the purine which Tafel and Ach 8 prepared from 
guanme 

Salts 

The Hydrochlonde C 5 H 4 ON 4 2HC1 One-half gram of anhj r - 
drous 2-oxypurme was dissolved m 10 cc of hot 20 per cent 
hydrochloric acid On cooling rapidly the hydrochloride separated 
as slender prisms, but when the solution was cooled slowly rectangu- 
lar plates were obtained The precipitate weighed 0 3 gram 

0 1203 gram of substance gave 0 1641 gram of AgCl 

Calculated for 
C»H,ONj 2HC1 round 

Cl 33 97 33 73 

The Nitric Acid Salt C5H4ON4 2HN0 3 One-half gram of 
the anhydrous 2-oxypurme was dissolved m 10 cc of warm 20 per 
cent nitric acid Clusters of slender prisms separated rapidly on 
cooling The yield was 0 5 gram 

Calculated for Found 

CjH«ON« 2 HNOi I II 

N 32 06 32 IQ 32 06 

The Picraie CsI^ON, CgH 2 (N0 2 ) 3 0H Tins was made by 
adding a cold saturated solution of picric acid to a hot solution of 
the punne On cooling, hexagonal and lenticular shaped prisms 
were obtained These were easily soluble m hot and difficultly 


8 Tafel and Ach hoc cii 
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soluble in cold water They turned brown when heated above 
210° C and effervesced at 245° C 

Calculated for 

CiHtON* C*HjCNO:) 3 OH Found 

K 26 80 26 82 


Acetyl-2-oxy-o,6~dianiuiopijninidine CgHgChlNi Six grams of 
2-o\y-5,6-diammopynmKhne were dissolved in 60 cc of acetic 
anhj dnde by heating at 140° C in an oil bath This solution was 
then evaporated to dryness on the steambath A httle dilute 
ammonia was added to neutralize the last traces of acetic acid 
After evaporating to dryness the residue was washed with a httle 
w ater The yield was greater than the calculated for monoacetyl- 
2-oxy-5, 6-diammopynmidine, a mixture of the mono- and diacetyl 
compounds havmg formed This mixture was moderately solu- 
uble in hot water from which it crystallized in slender pnsms with 
square ends The calculated per cent of mtrogen for a monoacetyl 
compound is 33 33, for a diacetyl 26 66 The mixture contamed 
31 67 per cent of mtrogen 


2-Oxy-S-methyl'punne, 


N 


= CH 


OC 
NH- 


C— > 


-ISTH 

i > ccH > 

-C— N 


Three and one-half grams of acetyl-2-oxy-5 ) 6-diaminopynmidme 
w ere dissolved m 8 cc of water containing 2 5 grams of potassium 
hjdroxide About 200 cc of absolute alcohol were added Fin- 
ally ether was added untd the precipitation was complete The 
potassium salt deposited as a thick oil which solidified on standing 
The salt thus obtained was heated in an oil bath at 240° C It 
melted partially and foaming ensued as water was liberated The 
heating was discontinued when steam ceased to escape The 
reaction product was a brittle crust This was dissolved in cold 
water and the solution was acidified with acetic acid and evapor- 
ated to dryness The potassium acetate was removed by washmg 
with a httle cold water The yield of the crude punne was 90 per 
cent of the calculated The yield \ aned widelj in several experi- 
ments, the -variation bemg probablj due to the proportion of di- 
acetyldiammo pyrimidine present The punne was purified by 
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'dissolving m dilute ammonia and clarifying with blood coal The 
filtrate was boiled to remove most of the ammonia whereupon it 
was acidified with acetic acid The 2-oxy-8-methylpurme separated 
slowly from the solution m the form of small slender prisms with 
tapering ends These were soluble m about 40 parts of boiling 
water and slightly soluble m cold water and 95 per cent alcohol 
They turned brown at 285° C but did not decompose completely 
below 310° C 


0 1780 gram of substance gave 0 0671 gram of H 2 0 and 0 3123 gram of CO - 



Calculated for 
CsHtONj 

I 

Found 

JI 

ill 

H 

4 00 

4 18 



C 

4S 00 

47 87 



N 

37 33 

37 39 

37 32 

37 32 


SALTS 





The Niinc Acid, Salt C s H 6 ON 4 HN0 3 One-half gram of 2-o\y- 
8-methylpurme was dissolved m 3 cc of 30 per cent nitric acid 
by v arming gently On cooling, the salt separated rapidly m 
minute lenticular crystals When the solution was cooled slowly 
the crystals were more compact and had truncated ends When 
heated rapidly in a capillary tube the salt began to turn dark at 
about 170° C and decomposed suddenly at 205° C with enough 
foice to throw the substance out of the tube 

Calculated for 
&H.ON. HNO s Found 

N 32 86 32 94 


The Picrate A cold saturated solution of picric acid was added 
to a hot solution of the purine Sheaf-hke clusters of slender 
prisms v ere deposited as the solution cooled These were moder- 
ately soluble in hot water They began to turn dark at about 
210° C and decomposed with violent effervescence at 250° C 


N 


Calculated for 
C.H 6 ON< CeHslNO ' OH 

25 S5 


Found 
26 02 
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( Prom the Sheffield Laboratory oj Yale University ) 

(Received for publication, December 14, 1911 ) 

Five of the six isomers of 2-oxymonomethylpunne have been 
described The first of these was obtained by Emil Fischer who 
made 2-oxy-7-methy lpunne 3 (X) from 2-iodo-7-methylpurme 
The same punne was also prepared by Tafel and Weinsehenk 3 
The latter workers also prepared 2-oxy-3-methylpunne 4 (VIII) 
In all of the above cases the starting material w r as a punne The 
remaining isomers have been synthesized from pyrimidines 
2-Oxy-6-methylpunne 5 (IX) was prepared from 2-oxy-4-methyl- 
5,6-diaminopyrimidine 2-Oxy-9-methylpunne 6 7 (XII) was pre- 
pared from 2-oxy-6-methylammo-5-ammopynmidme, while 2-oxy- 
8-methylpurme* (XI) was made from 2-oxy-5,6-diaminopynmidine 
The sixth isomer of this senes, 2-oxy-l-methylpunne (VII) 
has non been synthesized from 2-oxy-3-methyl-5,6-diaminopyn- 
midine (IV) The reactions involved m this synthesis are as 
follows The potassium salt of mtrocytosine, 2-oxy-5-mtro-6- 
armnopyrimidine’’ (II) was methylated by the means of methyl 
iodide The yield of a monomethyl denvative was 70 per cent 
of the calculated quantity Three different monomethyl denva- 

1 This Journal, m, p 67, 1912 

2 Ber d deutsch chcm Gesellsch , vcxi, p 2S54, 1898 

3 Ibid , xxxm, p 3376, 1900 

* Ibid , p 3372 

* Johns Amcr Chcm Journ , xli, p 65, 1909 

* Johns This Journal, ix, p 161, 1911 

7 Johns This Journal, xi, p 67, 1912 

* Wheeler and Johnson lmcr Chcm Journ , xxxi, p 591, 1905, John' 
Ibid, xh, p 81, 1911 
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tives are possible m this reaction, namely, 1-methylmtrocytosine 
(III), 3-methylmtrocytosine (I), and G-methjdnitrocytosme (VI) 
To determine which one of these was formed the reaction product 
was heated with sulphuric acid m a sealed tube This treatment 
lemoved an ammo group, giving a methylmtrouracil melting at 
255° C and containing one molecule of water of crystallization 
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Hence formula VI was excluded The tvo isomers of m ethyl - 
mtrouracil have been investigated by Behrend and Thunn 9 
1-Methylmtrouracil crystallizes without water and melts at 263° C 
while 3-methylmtrouracil GO crystalhzes with one molecule of 
water and melts at 255° C Our compound was identical with the 
latter and hence our methylated product was 2-oxy-3-methyl- 
5-mtro-6-ammopynrmdme (I), or 3-methylmtroeytosme When 
this compound was reduced with freshly precipitated ferrous 
hydroxide it gave a good yield of 2-oxy-3-methyl-5,6-diammo- 
pynmidine (IV), which, in turn, reacted with formic acid to give 
a formyl denvative whose potassium salt, when heated, lost water 
and formed the potassium salt of 2-oxy-l-methjlpunne (ATI) 

2-Oxy-l-methylpunne crystalhzes beautifully from water m flat 
pnsms and these contam 2 molecules of water of crystallization 
They effloresce in the air and become anhydrous over sulphuric 
acid An aqueous solution of the purme gives difficultly soluble 
precipitates with platmic chlonde and picnc acid The picrate 
decomposes at 214° C 

Work on the preparation of other purines from 2-oxy-3-methyl- 
5,6-diammop3Timidme is in progress 

EXPERIMENTAL PART 

2-0\y-3-methyl-5-nitro-6-aminopynnn(hne 

X=Cx\H 2 

1 i 

oc cxo 

I II 

CH 3 X — CH 

This is the chief product where nitrocytosine 10 is methylated as 
follows Five grams of nitrocytosine, 2-oxy-5-mtro-6-amino- 
pynmidme, v. ere dissoh ed in 50 cc of water containing 2 grams 
of potassium hydroxide Fn e grams of methyl iodide v, ere added 
and the mLX-ture was heated in a sealed tube at 100° C for one 
hour On coolmg, the methjlated product separated in slender 
pnsms The yield was 64 to 74 per cent of the calculated The 

* Ann d Chcm (Liebig), cccwm p 163 1902 

10 Lee cil % 
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compound was moderately soluble m hot and difficultly soluble 
in cold water, and difficultly soluble in hot alcohol or hot glacial 
acetic acid It crystallized from water m beautiful, slender 
prisms which m some cases were about 1 to 2 mm thick and 
3 cm long These began to turn brown at 260® G and melted 
with decomposition at 274° C 

Cilculitcd for 
CsHsOa i\ 7 < Found 

N 32 93 32 72 

2,6-Dioxy-S~methyl-5-miropynimdinc 
HN— CO 

I I 

OC CNO, 

i II 

CHj N— CH 

The position of the methyl group m the pyrimidine obtained 
by methylating nitrocytosme was ascertained as follows One 
and five hundredths grams of the methylated product were heated 
with 18 cc of 25 pei cent sulphuric acid m a sealed tube at 140 to 
150° C for one and one-half hours On cooling, 0 9 gram of 
crystals deposited from the acid solution This substance was 
recrystalhzed from water and obtained m the form of slender 
prisms These prisms melted at 255° C and contained one mole- 
cule of water and in all other respects agreed with the properties 
of 3-methylmtrouracil as described by Lehman 11 and by Behrend 
and Thurm 12 In this experiment the ammonia produced bj r 
heating the methyl derivative m the sealed tube was determined 
by making the acid solution alkaline and distilling the ammonia 
into tit acid, 62 cc being required 

Calculated for 
the loss of Nil* 

In C»H«0«N* round 

N 8 23 8 27 

Analyses of the crystals obtained from the sealed tube gave the 
following results 

0 7303 gram of substance lost 0 0710 gram of H«0 at 120 to 130° C 


11 Ann d Chem (Liebig), 253, p 77, 1S99 
i: Z/Of at 
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Calculated for 
CsHiO<\* HO 

Found 

HO 

9 53 

9 72 


Calculated for 



CsHjOiNi 

Found 

N 

24 56 

24 S3 


2-0xy-8-methyl-5,6-diaminopynmidine 

n=cnh 5 

! i 

OC CNH 

I II 

CH, N— CH 

Ten grams of 2-oxy-3-metkyl-5-mtro-6-aminopj r rimidine were 
dissolved in a mixture of 200 cc of concentrated ammonia and 
100 cc of water To this solution was added a warm, almost 
saturated, aqueous solution of 120 grams of crystallized ferrous 
sulphate Reduction took place rapidly with the hberation of 
heat The sulphate was precipitated by the addition of 140 grams 
of crj stallized banum hydroxide dissolved in hot water After 
shaking thoroughly the excess of banum hydroxide was removed 
bj the means of carbon dioxide The reaction was allowed to 
proceed over night whereupon the precipitate was filtered off and 
washed with hot uater The filtrate was concentrated to about 
30 cc The diammo compound crystallized m small, stout, 
anhydrous pnsms These were easily soluble m hot and moder- 
ately soluble in cold u ater and almost insoluble m alcohol They 
began to turn dark at about 220° C and decomposed slowly 
n hen heated above that temperature The yield of the substance 
isolated was 82 per cent of the calculated, exclusive of a small 
quantity that remained m the mother liquor after further con- 
centration 

Calculated for 

CjHiONi Found 

^ 40 00 39 77 

Formyl-2~oxy-8-melhyl-5,6-diaminopyrimuhne, C 6 HsO;N 4 

Eight grams of 2-oxy-3-methj 1-5, 6-diaminopyrimi dine were dis- 
solved in 20 cc of 85 per cent formic acid and the solution was 
evaporated to dryness on the steam-bath The resulting residue 
was taken up in water, the solution v as filtered to remove a little 
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insoluble substance, the filtrate was made slightly alkaline with 
ammonia and evaporated to dryness The yield of formyl com- 
pound was almost quantitative The compound was very soluble 
m hot and easily soluble in cold v ater From a concentrated aque- 
ous solution, it crystallized m masses of colorless, slender, dis- 
torted prisms 

Cnculated for 
C«H 8 0 2 N 4 Found 

N 33 33 33 30 


2-Oxy-l -methylpw me 
CH S N— CH 

OC C— NH 

I > 0H 

N=C — X 

The potassium salt of form3 r l-l-methyl-2-ovy-5,6-diaminopyri- 
midme was made by dissolving 4 5 grams of the formjd com- 
pound m 8 cc of water containing 3 grams of potassium hydroxide 
Two hundred cubic centimeters of absolute alcohol were added 
but the salt did not precipitate Finally ether was added, grad- 
ually, until the solution became turbid On stirring, the salt 
began to crystallize More ether was then added until crystal- 
lization was complete Five grams of salt, dried at 80° C , were 
obtained This salt was heated m an oil-bath at 160° C until 
water ceased to escape A brittle crust remained This was dis- 
solved m water, the solution was neutralized with acetic acid and 
clarified with blood coal On concentrating to about 15 cc the 
purine began to crystalhze from the hot solution The presence 
of potassium acetate appeared to render the purine easily soluble 
It crystallized slowly m small, flat prisms These contained two 
molecules of water and effloresced in the air When dried over 
sulphuric acid for two days they became anhydrous The anhy- 
drous substance dissolved m about eight parts of boiling water 
It was slightl 3 r soluble m hot alcohol and easily soluble in hot 
glacial acetic acid From the latter it crystallized in small stout 
prisms The aqueous solution gives precipitates with silver nitrate 
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and platmic chloride The anhydrous purine decomposed slowlj- 
without meltmg when heated above 280° C 
The portion used for analysis was recrystalhzed from water and 
the crystals were dried for two hours on filter paper 


0 6950 gram lost 0 1350 gram of HjO at 130 to 140° C 
0 7359 gram lost 0 1421 gram of H O at 130 to 140° C 


HO 

N 


Calculated for 
C.BiONaH-0 

19 34 
30 10 


Found 

i n 

19 42 19 29 

30 18 


0 217S gram of anhj drous substance gat e 0 0S12 gram of H O and 0 3S22 
gram of CO. 

Calculated for 
CcHtOjSi Found 

C 48 00 47 75 

H 4 00 4 14 

N 37 33 37 23 


The Picrate, CsH^NOtthOH 

A cold saturated solution of picric acid was added to a hot solu- 
tion of the punne On cooling, clusters of small, slender pnsms 
deposited These were moderately soluble m hot and difficultly 
soluble in cold water They melted with decomposition at 214° C 

Calculated for 
Ci.HjOjNr Found 

N 25 85 25 8S 




CONCERNING THE USE OF PHOSPHOTUNGSTIC ACID 
AS A CLARIFYING AGENT IN URINE ANALYSIS 

By CLARENCE E MAY 

(From the Department of Chemistry, Indiana University ) 
(Received for publication, December 15, 1911 ) 

Until recently, the problem of clarifying a given unne con- 
taining a small amount of protein, so as to more accurately esti- 
mate the non-protein constituents, has been a more or less unsatis- 
factory thing Usually it was necessary 7 to resort to the older 
method that depended on heating the acidified unne to boiling 
In the presence of a small but appreciable amount of protem this 
method was usually unsatisfactory, especially if the chemist was 
following the protein elimination with a glucose determination 

Vanous investigators have used phosphotungstic acid in the 
defecation of blood E Waymouth Reid 1 * found it convenient 
to precipitate blood proteins by means of an hydrochloric acid 
solution of phosphotungstic acid Vosburgh and Richards 1 used 
the Reid method very 7 successfully in determining the glucose con- 
tent of dog’s blood after the injection of adrenalin chloride Mac- 
leod 3 has verified two methods, namely, the Reid method using 
phosphotungstic acid and the Schenck method using mercuric 
chloride as the protem precipitating reagents Macleod found the 
Reid method to give better results with blood The various chem- 
ists have used the original Reid method without any modifications, 
that is, the proteins were separated by 7 the phosphotungstic acid, 
and the acid filtrates, on making alkaline with sodium hydroxide, 
were ready for the sugar determinations 

It seemed desirable to apply some defecation method to urines 
especially those containing much unc acid and creatinine as well 

1 Reid, Joum of Physiol , xx, p 316, 1896 

1 Vosburgh and Richards Amer Joum of Physiol , ix, p 38, 1903 

* Macleod This Journal, v, p 443, 1908-9 

tm: journal or biological cncmmiT xi so 1 
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as small amounts of proteins By the application of phospho- 
tungstic acid it was hoped by the writer to be able to precipitate 
all the constituents of urine that interfered with the determination 
of the reducing sugars by Fehhng’s titration method The work 
was carried out using phosphotungstic acid m hydrochloric acid 
solution as the precipitating reagent but there was delay m get- 
ting the results published Meanwhile, a paper by Oppler 4 has 
appeared m which the use of phosphotungstic acid as a defecating 
agent in urme as well as blood is pointed out There were several 
differences in the two applications of the same precipitant and the 
present author felt inclined to publish his method and the results 
obtained 

In the Oppler method, the precipitation was brought about by 
the direct addition of solid phosphotungstic acid followed by heat- 
ing to boiling The excess of acid was gotten rid of by means of 
lead acetate m excess The latter was removed by hydrogen 
sulphide, the excess of which was boiled out and the sulphur 
filtered The filtrate, obtained many hours after the process started, 
was used for the sugar determination In the author’s method a 
given amount (50 cc ) of urine was acidified with a few drops of 
concentrated hydrochloric acid and placed m a 150 cc graduated 
flask At room temperature, the urine was treated with 50 cc 
of a 2 per cent of phosphotungstic acid solution The mixture was 
diluted to the mark and filtered Of the filtrate, 100 cc were 
measured into a 200 cc graduated flask, made neutral or barely 
alkaline with barium hydroxide solution, diluted to the mark, 
filtered and used directly 

In this laboratory, no correction is made for the volume occupied 
by the phosphotungstate-protem precipitate and the barium phos- 
photungstate precipitate The method has usually been applied 
to urines containing a small amount of protein Large bulky 
precipitates were not encountered Usualfy 50 cc of the 
reagent precipitated the protein, uric acid and creatinine com- 
pletely and the small excess of reagent did not yield a voluminous 
precipitate with barium hydroxide solution Blank determina- 
tions were made to ascertain the error present when no correction 
was made for the volume occupied by the precipitate Six grams 


* Berthold Oppler Zeitschr f -physiol Chem , lwv, pp 71-135 
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of glucose and 0 5 gram of blood serum 'were dissolved m 200 
cc normal urine Of this solution, 50 cc were defecated by 
the method as given and of the filtrate from the barium phos- 
photungstate precipitation, 11 2 cc (average) were required for 
the complete decolonization of 10 cc Fehhng’s solution The 
corresponding check, a sugar solution containing 1 gram of the 
same glucose dissolved m 200 cc of water, required 10 55 cc 
(average) for the complete decolonization of 10 cc of Fehhng’s 
solution At first glance, the error appears large but when one 
remembers that the original 50 cc has been diluted to 300 cc the 
error is more than compensated for by the fact that one gets a 
clean-cut end point in the titration, a thing not encountered except 
through the use of some defecatmg agent 
The method is easily earned out and m our hands gives much 
better solutions for titration than does the use of any other method 
we have tried We had the expenence of using this method on the 
defecation of urmes containing about 8 per cent of glucose and a 
good trace of protein Using the polanscope on the undefecated 
urine, not eliminating the protein on account of the small amount 
present, we got only fairly sharp readings, even by using short 
columns of the liquid for polarization By the method as outlined 
we got sharp readings and also higher readings owing to the removal 
of the laevo rotating protein that cut down the dextro rotation of 
the mixture The small amount of protein had a very appreciable 
effect on the actual percentage of sugar found and on the removal 
of the protein the glucose reading reached more nearly what cor- 
responded to the actual glucose content of the unne 
The experimental part of this paper was earned out by Mr 
Charles Coons The author is indebted to Dr It E Lyons for 
his efforts m overseeing the work during a portion of its progress 




PRELIMINARY NOTE ON A PTJRINE-HEXOSE 
COMPOUND 


By JOHN A MANDEL a*d EDWARD E DUNHAM 

( From the Chemical Laboratory of the New York University and Bellevue 
Hospital Medical College, NY) 

(Received for publication, January 23, 1912 ) 

From an extract of a commercial preparation of yeast, a crys- 
talline substance was obtained which is a compound of adenme 
and a hexose The amount of material isolated has not been 
sufficient for a complete identification of the sugar, but, pending 
access to a further supply, a preliminary note on the results ob- 
tained at this time appears justified by the interest attaching to 
such a compound 

The substance separates from aqueous solution m sheaves of 
delicate, colorless acicular crystals, melting sharply at 206° (uncor- 
rected) It does not gi\ e a pentose reaction with orcin and hydro- 
chloric acid Fehlmg’s solution is not reduced, unless the sub- 
stance be previously hydrolysed, in that case, cuprous oxide is 
not precipitated, but a white, flocculent precipitate of a cuprous- 
purine compound is formed 

A combustion of the substance, dried over sulphuric acid m 
vacuo, yielded the following results 

Weight of substance, 0 1954, COj, 0 315S, H.O, 0 0930 

The nitrogen was determined by the Kjeldahl method 

0 2106 gram of substance yielded ammonia equn alent to 35 8 cc of deci- 
normal sulphuric acid, and to 23 80 per cent N m the substance 

Phosphorus and sulphur were absent 

A solution of the substance in 1 per cent sulphuric acid is 
dextrorotatory , the specific rotation bemg approximately 12 15° 
On boiling for an hour in a flash with reflux condenser, the rota- 
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A Purme-Hexose Compound 


tion increases and the solution acquires a light yellow color The 
addition of picric acid to this solution causes a yellow precipitate, 
soluble in hot water and separating m crystalline form on cooling 
These crystals, after purification, melted at 281°, and yielded 
29 23 per cent N, provmg this substance to be ade nin e picrate, 
which contains 29 37 per cent N 

The filtrate from the picrate precipitate, after removing the 
picric acid which was present by shaking with ether, yielded a 
phenylosazone, which could be readily recrystalhzed from 50 per 
cent alcohol and melted sharply, without evolution of gas, at 156° 
A nitrogen determination gave 15 3 per cent N 

From a portion of the solution containing the hydrolysed sub- 
stance, some indications were obtained of the formation of laevu- 
linic acid on treatment with strong hydrochloric acid 

The foregoing facts appear to us to indicate unmistakably that 
the substance isolated by us is a combination of adenine with a 
hexose The melting point of the phenjdosazone approximates that 
of the phenylosazone obtainable with sorbose, gulose and ldose 
We are engaged upon the further identification of the sugar 
A comparison of our analysis with the theoretical composition 
of an adenme-hexose compound shows a close agreement 


c 


found 

44 08 

Calculated for 
Cn Hu Ni 0 » 
44 39 

H 


5 32 

5 10 

N 


23 SO 

23 61 

0 

t 

26 SO 

26 90 


The phenylosazone obtained with our substance yielded 15 3 
per cent N A hexosazone contains 15 67 per cent N , while a 
pentosazone contains 17 1 per cent N 



PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS 

FIRST PAPER 

Br OTTO FOL1N and W DENIS 
{From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, January 23, 1912 ) 

During the past ten years a great many unsuccessful attempts 
have been made to find out what becomes of the ammo-acids 
which are formed in the intestine as a result of the digestion of 
protem After having worked out new analytical methods which 
we believed to be more suitable than any previously available for 
the study of this problem we have now obtained results which 
seem to throw new light on this phase of protein metabolism 
Besides being hampered by the lack of suitable analytical 
methods for investigating the non-protein nitrogen of blood, 
nearly all previous workers have conducted their investigations 
from a point of view which almost completely eliminated the pos- 
sibility of accounting for the ammo-acids absorbed as such from 
the digestive tract The blood has been regarded as essentially 
a closed system, closed physiologically as well as anatomically, 
and except for the supposed effective deamidizing power of the 
liver they have worked on the assumption that the ammo-acids 
absorbed from the intestine should heap up in the blood to such 
an extent that they could not fail to find them As a matter of 
fact the non-protein mtrogen of blood does rise and sink like a 
tide with reference to absorption from the digestive tract and the 
variations appear to be adequate to account for all the mtrogen 
when considered from the nght pomt of view 
An all important function of the blood is to transport food from 
the digestive tract to even, tissue m the body, this being so there 
is a prton no reason v hy the transport of the amino-acids from the 
blood to all the various organs should be less prompt than the 
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transport of those same amino-acids from the digestive tract into 
the blood 

In this connection we may recall the familiar experiment with 
potassium iodide and the astounding rapidity with which it, when 
swallowed, is transported to every part of the body If any one 
should attempt to account for the potassium iodide absorbed from 
the digestive tract by determining the amount present m the blood 
the result would be quantitatively quite as dismal a failure as 
have been the attempts to account for the ammo-acids But in the 
absence of positive evidence to the contrary it would seem ex- 
tremely probable that the ammo-acids are distributed m the same 
manner At least that is the one possibility which should first 
of all be eliminated before other explanations for the apparent 
disappearance of the ammo-acids are attempted The fact that 
the ammo-acids are food materials is only an additional reason 
for supposing that they are distributed where food materials are 
needed — which is everywhere 

During the past few years many of us have been under the influ- 
ence of the concept of intermediary metabolism, of deamidation, 
urea formation, etc , and have been prone to ascribe to the liver 
activities and functions without number and without proof 
When we began this work we soon discovered that while the hver 
does almost wholly abstract the ammonia from the portal blood 
and probably converts it into urea, it does not “deamidize" the 
ammo-acids It was this discovery which led us to the hypothe- 
sis that the blood promptly transports the ammo-acids from the 
intestine to every tissue m the body 

One of the early experiments which we made to prove the cor- 
rectness of this point of view was to substitute urea for ammo- 
acids Urea is absorbed from the intestine even more rapidly 
than amino-acids There is no reason for believing that it can be 
lost by a conversion into protein, as has been assumed in the case 
of the amino-acids, nor is there any reason for believing that the 
hver would do anything m particular to it, nor that the muscles 
and other tissues would be more discriminating than the mucous 
membrane of the small intestine and would fail to absorb it from 
the blood By using urea instead of ammo-acids we thus elim- 
inated all the various hypotheses which have been advanced to 
“explain” why the absorbed products can not be found m the 
blood The results obtained would seem to be conclusive 
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Absorption of Urea 


Experiment 1 Cat 22 (weight 2428 grams) was etherized 
forty hours after the last meal (meat) A sample of the blood 
(5 cc ) was taken from the right carotid artery and another (5 cc ) 
from the portal vein The blood supply to both kidneys was cut 
off by ligatures to prevent the urea from escaping The right 
iliac artery was also ligatured and an outside ligature was applied 
to the whole leg to prevent the urea from getting into it by way 
of the lymph The small intestine was ligatured just below the 
stomach and just above the caecum One hundred cubic centi- 
meters of warm 4 per cent urea solution was then injected into 
the intestine by means of a large syringe Forty-five minutes 
after the urea injection we again took samples of blood from the 
portal vein and from the left carotid artery We then washed out 
the urea solution remaining in the intestine and finally cutout 
similar pieces of muscle from each of the two hmd legs to be used 


for urea determination s 

The analyses gave the following figures 

MiUnram 

Total urea nitrogen injected 1866 

Total urea nitrogen recovered from intestine 430 

Total urea nitrogen absorbed 1436 

Total non-protem nitrogen per 100 cc of portal blood before 
the urea injection. 38 

Total urea nitrogen m the same 23 

Total non-protem nitrogen per 100 cc of carotid blood before 
the injection. 38 

Total urea nitrogen in the same 23 

Total non-protem nitrogen per 100 cc of portal blood after 
the urea injection 154 

Total urea nitrogen m the same 122 

Total non-protein nitrogen per 100 cc of carotid blood after 
the injection 138 

Total urea mtrogen in the same 92 

Total non-protem nitrogen per 100 grams of muscle from the 
ligatured leg 190 

Total urea nitrogen in the same 50 

Total non-protem nitrogen per 100 grams muscle of the nor- 
mal leg 220 

Total urea nitrogen in the same 94 


This being our first attempt to apply the analytical methods 
to muscle the absorbed values may not be correct The compara- 
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tive aspect, the difference found, should, however, be nearly cor- 
rect for the two muscles were treated exactly alike We probably 
used too much substance to get out all the non-protein nitrogen 

The following experiment is rather more illuminating as a study 
of the absorption of urea 

Experiment 2 Cat 25 (weight 2513 grams) This cat had 
received a large amount of meat about twenty-four hours before the 
experiment The stomach was found empty but the intestine still 
contained some food m the process of digestion After etheriza- 
tion a sample of blood was drawn from the portal vein The arte- 
ries and veins of the kidneys were then ligatured The gracilis 
muscle was removed from the left hind leg and at once prepared 
for analysis The small intestine was tied off as in Experiment 1 
and 4 grams of urea m about 100 cc of warm water was injected 
Small samples of blood (2 cc ) were drawn at different intervals 
and the total non-protein nitrogen (“n p nitrogen”) and the urea 
nitrogen determined 1 

At the end of the experiment the intestine was washed out with 
warm water and the washings saved for analysis The right 
gracilis muscle was also removed and analyzed for total non-pro- 
tein nitrogen and for urea nitrogen 


Milligrams 


Total urea nitrogen injected 
Total urea nitrogen recovered 
Total soluble nitrogen recovered 
Hence urea nitrogen absorbed 

Total n p nitrogen per 100 cc of portal blood before the urea 
injection 

Urea nitrogen in the same 

Total n p nitrogen per 100 cc of carotid blood two and one- 
half minutes after the injection 
Urea nitrogen m the same 

Total n p nitrogen per 100 cc of portal blood five and one- 
half minutes after the injection 
Urea nitrogen m the same 

Total n p nitrogen per 100 cc of carotid blood twelve minutes 
after the injection 
Urea nitrogen m the same 


1866 

811 

943 

1055 

37 

28 

50 

35 

67 

57 

85 

77 


1 In drawing the portal blood the needle was inserted by way of one of 
the tributary veins which could afterwards be clamped without obstructing 
the flow of blood through the portal vein 
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Total n p nitrogen per 100 cc of portal blood in thirteen min- 
utes after the injection 102 

Urea nitrogen of the same 95 

Total n p nitrogen per 100 cc of arterial blood (femoral) 
thirty minutes after the injection 92 

Urea nitrogen m the same 80 

Total n p nitrogen per 100 cc of mesentenc vein blood 
thirty-one minutes after the injection 11" 

Urea nitrogen in the same 95 

Total n p nitrogen per 100 cc of portal blood fifty -five min- 
utes after the injection. 127 

Urea nitrogen in the same 10S 

Total n p nitrogen per 100 grams of muscle before the urea 
injection 273 

Urea mtrogen in the same 31 

Total n p mtrogen per 100 grams of muscle about one hour 
after the urea injection 342 

Urea nitrogen m the same 86 


Before the two experiments recorded above had been made we 
had satisfied ourselves by a number of preliminary experiments 
with pancreatic digestion mixtures that their absorption from the 
small intestine is accompanied bj unmistakable increase of the 
non-protein mtrogen m the blood The following one with gly- 
eocoll proves beyond reasonable doubt that this ammo-acid is 
absorbed from the intestine m much the same way as urea (though 
less rapidly ) and that it is rapidly absorbed from the blood by the 
tissues 


Absorption of Gly cocoll 

Experiment 3 Cat 26 (u eight 2143 grams) was etherized 
about forty hours after the last meal which consisted of a httle 
(50 grams) meat Two cubic centimeters of blood were drawn 
from the portal v em The arteries and a ems of both kidneys 
v ere then ligatured as in Experiment 1 The iliac artery of the 
right hind leg was clamped while the gracilis muscle was removed 
The circulation through the leg was then restored by removing 
the clamp from the artery The small intestine was tied off as 
m Experiments 1 and 2, and 10 grams of gly cocoll m about 100 
cc of warm water were injected Small samples of blood (2 cc ) 
were drawn at the end of 6, IS, and 45 minutes 
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At the end of the experiment the gracilis muscle was removed 
from the other leg The analyses gave the following results 


Total glycocoll nitrogen injected J867 

Total nitrogen recovered from the intestine 1300 

Hence, glycocoll nitrogen absorbed 567 

Total non -protein nitrogen per 100 cc of portal blood before 
the injection 3 q 

Total urea mtrogen in the same 18 

Total n p nitrogen per 100 cc of portal blood six minutes after 
the injection 35 

Urea mtrogen m the same 20 

Total n p nitrogen per 100 cc of carotid blood six minutes 
after the injection 34 

Urea mtrogen in the same 19 

Total n p nitrogen per 100 cc of portal blood eighteen minutes 
after the injection 55 

Urea nitrogen in the same 22 

Total n p nitrogen per 100 cc of carotid blood eighteen min- 
utes after the injection 47 

Urea mtrogen in the same 22 

Total n p nitrogen per 100 cc of mesenteric blood forty-five 
minutes after the injection 85 

Urea mtrogen in the same 21 

Total n p nitrogen per 100 cc of carotid blood forty-five 
minutes after the injection 2 57 

Urea nitrogen in the same 21 

Total n p mtrogen per 100 grams of muscle taken before the 
experiment 250 

Urea nitrogen in the same 27 

Total n p nitrogen per 100 grams of muscle at the end of the 
experiment 346 

Urea mtrogen in the same 27 


In the above experiment it will be noted that the non-protein 
mtrogen m the portal blood at any given time is considerably 
higher than the non-p rotem nitrogen in the general systemic blood 
This might suggest deamidation, but the figures for the urea show 
that it is not a case of deamidation and urea formation It is 
simply a question of amino-acid absorption due to the constantly 
increasing concentration of glycocoll m the portal blood The 

2 A preliminary sample of about 3 cc was drawn from the carotid m this 
case, and was thrown away so as to get rid of the blood ivhich had remained 
confined in the arterj since the last withdrawal 
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idea that the amino-acid nitrogen should be converted into urea 
by the intestine and liter as fast as absorbed is after all not entirely 
satisfactory, for it fails to indicate how that deamidation is regu- 
lated so as not to deprive the various tissues of nitrogenous mate- 
rial, some of which at least must be needed The condition revealed 

bj the above experiment with git cocoll on the other hand shows 
that the ammo-acid nitrogen is not immediately split off and con- 
verted into urea On the contrary in this experiment we have 
failed to find any urea formation 
So far as the urea formation is concerned the following experi- 
ment is rather interesting 


Absorption of Pancreatic Digestion Mixture 

Experiment 4 Cat 18 (weight 1785 grams) was etherized 
twenty-four hours after the last meal (consisting of 40 grams of 
chopped meat) After taking the samples of normal blood the 
intestine was ligatured and 97 cc of the warm digestion mixture 
introduced This mixture of self-digested beef pancreas was over 
tw o 3 ears old and gave no biuret reaction It was slightly alka- 
line to litmus and 20 per cent of its total nitrogen consisted of 
ammonia 

Milligrams 


Total ammo-acid nitrogen injected 737 

Total nitrogen recovered at the end of seventy minutes 410 

Hence ammo-acid nitrogen absorbed 327 

Total n p nitrogen per 100 cc of portal blood before the injec- 
tion 40 

Urea nitrogen in the same 24 

Total n p nitrogen per 100 cc of carotid blood before the 
injection 3S 

Urea nitrogen m the same 24 

Total n p nitrogen per 100 cc of portal blood fifteen minutes 
after the injection 54 

Urea (and ammonia) nitrogen in the same 34 

Total n p nitrogen per 100 cc of portal blood sixtj-three 
minutes after the injection $4 

Urea and ammonia nitrogen m the same 38 

Total n p nitrogen per 100 cc of carotid blood sixt\ minutes 
after the injection 0 g 

Urea nitrogen in the same 34 
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Whether all the urea increase found is due to the preformed am- 
monia or whether some of it is due to deamidation is as yet unde- 
termined In this particular experiment we did not determine 
the ammonia m the blood but we had done this in previous exper- 
iments and found that the ammonia m the portal blood rose to 
about seven times the normal value under the influence of about 
the same amount of the digestion mixture as was used m Experi- 
ment 3 

When egg albumin is used mstead of ammo-acids the result 
obtained is different 


Absorption of Egg Albumin 


Experiment 5 Cat 23 (weight 643 grams) was etherized and 
61 grams of warm white of egg was mjected into the ligatured 
intestine The following results were obtained 

Milligrams 


Total nitrogen injected as egg white 

Total nitrogen recovered 

Hence, total nitrogen absorbed 

Total n p nitrogen per 100 cc of portal blood before the injec- 
tion 

Urea nitrogen in the same 

Total n p nitrogen per 100 cc of carotid blood before the 
injection 

Urea nitrogen of the same 

Total n p nitrogen one and one-half hours after the injection 
m 100 cc of portal blood 

Urea nitrogen in the same 

Total n p nitrogen per 100 cc of carotid blood one and a half 
hours after the injection 

Urea nitrogen in the same 


915 

850 

65 

36 

22 

36 

24 

42 

20 

42 

20 


In addition to the detailed experiments described above we 
wish to record the following summary (p 95) of the non-protem 
nitrogen and of urea mtrogen m blood as found under more 
ordinary conditions 

In the above pages we have confined ourselves to the presenta- 
tion of analytical results which seem to show what becomes of 
the ammo-acids absorbed from the intestinal tract The muscles 
and other tissues as well evidently serve as a storehouse for such 
reserve materials The existence of such a reservoir must be 
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Total non-protein nitrogen and urea nitrogen in normal blood tn milligram s 

per 100 cc 


1 

POSTAL BLOOD 

BTSTEMIC BLOOD 


Totals 

Urea'N 

Total J* 

Lreo-\ 

Cat 10 fasting 



40 

23 

Cat 18 fasting 

40 

24 

38 

24 

Cat 20 fasting (pregnant) 



29 

16 

Cat 22 fasting ! 

38 

23 1 

38 ! 

23 

Cat 23 fasting 

36 

24 

36 

22 

Cat 16 fed meat 

40 

24 

38 

24 

Cat 19 fed much meat 



54 

34 

Cat 21 fed sugar and cream 

j 26 

19 

26 

19 

Cat 21 fed sugar and cream 

| 30 

14 



Fresh slaughter house blood (beef) 1 , 


24 

17 


taken into account in our theories of protein metabolism, for it 
certainly ought to make at least some points clear -which were not 
clear before The peculiar lag extending over several days m 
the establishment of a constant level of nitrogen elimination when 
extreme changes are made in the nitrogen intake is probably due 
to a filling or a depletion as the case may be of the reservoir 
The different results obtained when a single substance like creatine 
or an anuno-acid is fed together with diets rich or poor m nitrogen 
would also be determined by the condition of the reservoir When 
full the creatine is eliminated and the ammo-acid augments the 
urea output, when nearly empty both axe retained We hope to 
report more experimental data on this subject very soon We 
are continuing our investigations on the absorption and distribu- 
tion of nitrogenous materials (food products and waste products) 
and we hope that v,e may be allowed to reserve for a little while 
the new field which we believe has been opened by this research 
The analytical methods used are adaptations of colonmetnc 
methods for the determination of nitrogen, urea and ammonia 
m urine None of these have as yet been published in detail, 
though some of them have been given privately to a number of 
persons All will be published in full verj soon 



HYDANTOINS THE ACTION OF POTASSIUM THIOCYA- 
NATE ON ALANINE 


NINTH PAPER 

By TREAT B JOHNSON 
(Prom the Sheffield Laboratory of Yale Unnersity ) 

(Received for publication, January 18, 1912 ) 


In a recent publication from this laboratory, Johnson and 
Nicolet 1 have described a synthesis of 2-thiohydantom (V) 
They prepared this compound by the action of potassium thio- 
cyanate on ammo-acetic acid (I) in the presence of acetic anhy- 
dride and acetic acid, and showed that the general reactions 
involved in the condensation are to be represented as follows 

NHjCHiCOOH + (CHjCO)iO = CHsCONHCHaCOOH 
I II 

CHjCONHCHiCOOH * CH,CO N CH,GOOH -» 


HSCN 


CSNH, 

III 


NH— CO NH— CO 

I 

cs 

I 

CH,CO N CH, NH— CH, 

IV V 



In other words, the product of tie reaction is 2-thio-3-acetyl- 
hydantom (IV), which can be converted quantitatively into the 
2-thiohydantoin (V), by hydroljsis with concentrated hydro- 
chloric acid This method of synthesizing 2-thiohydantoin was 
also described by Komatsu, 1 but his interpretation of the mechan- 
ism of the reaction was entirely incorrect Komatsu also exam- 

1 Joum Amer Chem Soc , xxxu i, p 1974 

5 Memoirs Coll S a ond Eng , Kyoto Untrers^ly, (Japan), m, p 1 
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Hydantoms 


med the behavior of potassium thiocyanate towards alanine 
and states that this ammo-acid reacts with the rhodamde m the 
presence of acetic anhydride, giving the corresponding thiohy- 
dantoic acid (VI), which is converted into 2-thio-4-methylhydan- 
toin (VII), by digestion with hydrochloric acid 


NH 2 COOH 

I 

cs 

I 

NH — CHCH 3 
VI 


NH— CO 

I 

CS 

I 

NH— -CHCH, 
VII 


It seemed very probable to the writer that glycocoll and alanine 
would react m a similar manner with potassium thioc} r anate, 
under the conditions employed by Komatsu, giving the corre- 
sponding acetylated thiohydantoms However, it was not im- 
probable that these two acids might behave m a different manner 
and that m the case of alanine Komatsu actually was dealing with 
a thiohydantoie acid derivative The analytical results obtained 
by analysis of the barium salt of Ins acid, however, do not offer 
strong evidence that Komatsu’s compound possessed the struc- 
ture which he assigned to it He found 29 6, 29 5 and 30 3 per 
cents of barium and concluded therefore that he was dealing with a 
hydrous barium salt, which theoretically contains 30 73 per cent 
of barium He did not determine the percentage of water of crys- 
tallization 

I now find that alanine reacts smoothly with potassium thio- 
cyanate, m the presence of acetic anhydride, forming 2-thio-3- 
acetyl-4-methylhydantoin (VIII) In fact, I obtained no evi- 
dence of the formation of a thiohydantoie acid (VI) as described 
by Komatsu The constitution of my acetyl compound was estab- 
lished not only by the analytical determinations, but also by the 
fact that the same compound was formed when acetyl alanine 3 
was used for the synthesis instead of alanine When the acetyl- 
thiohydantoin (VIII) was digested with hydrochloric acid it was 
converted quantitatively into 2-thio-4-meth3 r lhydantoin VII 
This hjniantoin has previously been prepared m this laboratory 4 

3 Fischer and Otto Benchle, wwi, p 2114 

4 Wheeler, Nicolet and Johnson Amer Client Journ , \lvi, p 45G 
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by a different method Komatsu 5 showed that this thiohydan- 
tion can be desulphurized by mercury oxide giving 4-methy 1- 
hydantom Alanine therefore reacts with potassium thiocyanate 
in a similar manner as gly cocoll and the chemical changes mv oh ed 
are to be represented as follows 


XH.CH(CH,)COOH-r (CH s CO) O = CH,CONHCH(CH,)COOH 
CH,CONHCH(CH,)COOH > CH,CONCH(CH,)COOH -» 


HSCN 


CSNH 


NH— CO 


NH— CO 


CS 

I 

CHjCO N CHCHj 

VIII 


CS 

I 

NH — CHCHj 
VII 


These mtrogen-unsubstituted 2-thiohy dantoms are represen- 
tatives of a nev. class of hj dantoms A knowledge of their chem- 
ical properties is especially desirable since it is probable that such 
cyclic groupings may r be involved in the molecular structure of 
sulphur proteins Like the thiopolypeptides they' contain the 
thioamide grouping, — CS NH — , and as the writer has previously' 
indicated, 6 thioamides probably' functionate in the natural synthe- 
sis of sulphur proteins from simpler substances We shall continue 
our investigation of this interesting class of sulphur compounds 
and will discuss in future publications their biological significance 


EXPERIMENTAL PART 

The Action of Potassium Thiocyanate on Alanine, NH»CH(CH 3 )- 

COOH 

2-Thio-S-acetyl-4-methylhydantcnn 

NH— CO 

! 

CS 

i 

CHjCO X CHCHj 


* Loc cil 

* This J ownal, in, p 331 
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Hydantoms 


This thiohydantom can be prepared easily in the following man- 
ner Dissolve 2 grains of alanine and 2 grams of finely pulverized, 
dry potassium thiocyanate m a mixture of 9 cc of Kahlbaum’s 
acetic anhydride and 1 cc of glacial acetic acid by warming in a 
water-bath Connect the flask with a return condenser m order to 
avoid the absorption of moisture from the air On warming, 
there is an immediate reaction and within two min utes a clear 
yellow solution is obtained The liquid is then heated, at 100°, 
for about twenty-five minutes, cooled and then poured into about 
five volumes of cold water when the greater proportion of the above 
acetyl hydantom will separate m a crystalhne condition The yield 
is about 2 5 to 2 7 grams and in every experiment tried the sub- 
stance melted, without further purification, at 163 to 165° to a 
clear oil The hydantom crystallizes from 95 per cent alcohol 
m stout prisms, which melt at 166° to an oil On cooling, the 
oil solidified m the capillary tube and on heatmg again it melted 
at 166° as before 

Analysis Sulphur determination (Canus) 

0 1377 grain substance gave 0 1939 gram BaSCh 

Nitrogen determination (Kjeldahl) 

Calculated for 
CiH.O,N S Found 

N 16 27 16 33 

S 18 8 19 30 

Hydrolysis of the Acetylthiohydantoin with Hydrochloric Acid 

2-Thio-4~methylhydantoin 

NH— CO 

! 

cs 

I 

NH — CHCHj 

The acetyl derivative was suspended m about ten to fifteen parts 
of concentrated hydrochloric acid and the mixture warmed on the 
steam-bath The hydantom completely dissolved and after evap- 
oration of the acid practically a quantitative yield of this hydan- 
toin was obtained The substance was purified for analysis by 
recrystalhzation from hot 95 per cent alcohol It separated, on 
cooling, m beautiful, hexagonal tables or plates which melted at 
161° to a clear oil 
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Analysis (Kjeldahl) 

Calculated for 
CUHjONsS Found 

N 21 53 21 7 

The hy dant om was identical with the hydantom obtained from 
alanine by Wheeler, Nicolet and Johnson 7 

The Formation of 2-Thio-S-acdyl-4--methylhydantoin from Acetyl- 
alanine, GHsCO NHCH (CH*) COOH 3 

The acetylalanme was wanned with the required proportion 
of potassium thiocyanate under the same conditions as when 
alanine was used After heating one-half hour to complete the 
reaction, and finally cooling, the liquid was then poured into cold 
water A yellow sohd separated at once and after punfication 
by crystallization from alcohol it melted at 165 to 166° A mix- 
ture of this substance with the above acetyl hydantom, prepared 
from alanine, melted at exactly the same temperature 


7 LOC Cll 

* Fischer and Otto Loc cit 




FASTING STUDIES VI 


DISTRIBUTION OF NITROGEN DURING A FAST OF ONE HUNDRED 
AND SEVENTEEN DATS 

By PAUL E HOWE, H A MATTILL and P B HAWK 
(Prom ihe Laboratory of Physiological Chemistry of the University of Illinois ) 


(Received for publication, January 13, 1912 ) 

If the literature of fasting be searched it will be found that the 
records indicate that adult dogs may live for periods ranging from 
thirty days to fifty days without partaking of food provided free 
access to water is permitted At the time the data embraced m 
the present paper were reported 1 the longest normal fast on record 
so far as ne are aware, was that reported by Falch 2 in which the 
dog used as subject fasted sixty days The ninety-eight-day fast 
reported by Kumagawa and Miura 3 * cannot be considered as a 
normal fast, inasmuch as the animal was subjected to the influence 
of phlorhizin 

The reports of fasting tests in which human beings have served 
as subjects afford data on authentic fasts ranging m length from 
two to fifty days The most complete data on short fast-s have 
been furnished by Benedict * Of the longer fasts those on Beaut4, 5 


1 Howe, Mattill and Hawk Boston Meeting, Soc Biol Cbcm , Dec , 1909, 
Proceedings Soc Bio! Chem , Jul>, 1910 

1 Falck Beitr Physiol , (Stuttgart), 1S75 Quoted b\ Pashutm xn Path- 
ological Physiology, 1902 

1 Kumagawa and Miura Arch f Physiol n Anat ( physiol Abt ), p 
431, 1S98 

* Benedict Carnegie Pub 77 (1907) 

s Cathcort Biochcm Zeitschr , vi, p 199, 1907 
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Tosca , 6 Schenck , 7 Succi , 8 Cetti , 9 Breithaupt , 10 “E” and “H,” a 
Tanner , 12 and Merlatti 13 are the most important The longest 
of these are the thirty-day fasts of Succi, the forty-day fast of Tan- 
ner and the fifty-day fast of Merlatti 

DESCRIPTION, PLAN, ETC 

The methods of analysis employed m our investigation were the 
same as those used m fasting studies already reported from this 
laboratory 14 In conformity with the custom m this laboratory 
m experiments of this character the dog used as subject was not 
catheterized but was allowed to urinate at will This explains 
to a degree the cause of the irregularity m the urine volumes which 
obtains m the early part of the experiment, notwithstanding the 
fact that the urine was measured at a uniform time from day to 
day We prefer this mode of urine collection to the catheterization 
procedure because of the attendant danger of infecting the animal 
during the latter process 

The diet used m the preliminary period of the experiment was 
as follows 


Constituent 

Grams 

Meat 

400 

Cracker dust 

100 

Lard 

45 

Bone ash 

12 

Water 

700 


6 Van Hoogenhuyze and Verploegh Zeilschr f physiol Chem , \lvi, p 415, 
1905-06 

7 Brugsch and Hirsch Zeilschr f exp Path u Therap , in, p 63S, 1906 

8 Luciam Das Hungern, Leipzig, 1890, Aiello and Solaro La rtfoima 
medica, i\, 2, p 542, 1893, E and 0 Freund Wiener him Rundschau, w, pp 
69 and 91, 1901 

8 Lehman, Muller, Munh, Senator, Zuntz Virchow’s Archiv, c\\\i, suppl , 
1893 

10 Id , ibid 

11 Howe, Mattill and Hawk Jour Amcr Chcm Soc , \\\m, p 56S, 1911 

12 Lusk Science of Nutrition, 2d Ed , p 55, 1909 

13 Merlatti Luciam’s Das Hungern, 1890 

Howe and Hawk Jour Amer Chem Soc , wxin, p 215, 1911 
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The above diet contained 15 796 grains of nitrogen Approx- 
imate nitrogen equilibrium was secured after an eight-day feeding 

interval The balance for this penod was as follows 


Income 

Crams 

Food 

15 796 

Outgo 


Feces 

0 372 

Hair 

0 359 

Cage washings 

0 147 

Urine 

15 588 


-16 466 
+ 15 796 


- 0 670 


The subject of the experiment was our fasting dog “Oscar,” 
an adult Scotch collie weighing 26 33 kg at the opening of the fast 
Inasmuch as bis preliminary diet contained 15 796 grams of nitro- 
gen per day he was receiving about 3 75 grams of protem per kilo- 
gram of body weight during the preliminary period 
It was our intent at the start of the investigation to fast the ani- 
mal to the pre-mortal rise in nitrogen excretion, then to bring the 
dog back to the normal condition by means of careful feeding and 
subsequently to fast him a second tune In other words we wished 
to make a study of "repeated fasting” similar to the one already 
reported from this laboratory 15 

DISCUSSION OF RESULTS 

It was evident from the \ en beginning of the fasting period that 
“Oscar” was not being influenced by the fasting regime m as pro- 
nounced a manner as were other fasting dogs in adjoining cages 
There was a less rapid loss of weight, a less precipitate destruction 
of bodj tissues as shown b} the nitrogen output and a conserv a- 
tion of bodil} vigor and energy not noted m the case of am of the 
other dogs As tune passed each of the associated dogs m succes- 
sion reached the “ pre-mortal rise” m nitrogen excretion At the 


“Hone and Hawk hoc cit 
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forty-eighth day, when the experiment upon the initial fast of the 
last dog terminated, “Oscar” was so full of vigor that he jumped 
into his cage from the floor In performing this act it was neces- 
sary for lnm to project his body upward to a height of about three 
feet He had been m the habit of jumping into his cage each 
day after being weighed but the practice was discontinued after 
the fifty-eighth fasting day m order to protect the dog from pos- 
sible injury due to coming m contact with the sharp corners of the 
cage front He continued to jump out of Ins cage up to and in- 
cluding the one hundred and first day of the fast It was appar- 
ently quite a task for him at this time in his weakened condition 
to maintain his equilibrium after leapmg from his cage to the floor 
In order to avoid injury, he was, therefore, not permitted to per- 
form this feat after the one hundred and first fasting day The 
animal, however, continued to wag his tail vigorously and fre- 
quently barked when we approached his cage, all of which seemed 
to indicate that he was in "good spirits” even up to the very end 
of the experiment It is an interesting fact that one of our dogs 
was fasted to the pre-mortal rise, then subjected to an intermediate 
equilibrium feeding period during which time the dog regained its 
original body weight and then fasted a second time to the pre- 
mortal rise while "Oscar” was undergoing his initial fast and jump- 
ing m and out of his cage daily, and no sign of the pre-mortal rise 
being apparent 

When the one hundred and seventeenth day was reached it was 
decided to terminate the fast The dog now weighed 9 76 kg 
as against 26 33 kg at the opening of the fast, a loss of about 63 
per cent m body weight It was then June 2 and the animal had 
been fasting continuously since February 6 At the commence- 
ment of the experiment we had expected to be able to finish two 
fasts and the intermediate feeding period m the four months which 
had passed The great length of the first fast had nullified this 
arrangement It was therefore decided to initiate the second fast 
at the opening of the nex-t college year 

During the summer the dog passed the time on a Kansas farm 
under close observation He was brought back in the fall and 
upon examination was found to weigh somewhat more than he did 
at the commencement of his first fast He also seemed to be 
stronger, more energetic and m better all round physical condition 
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than he had been "before he was subjected to the one hundred 
and seventeen-day fast After being brought into nitrogen equi- 
librium he v as then subjected to a second fast The data from this 
“repeated fast” will be presented in a subsequent paper 16 

Distribution of Nitrogen 

The general data for each individual day of the one hundred 
and tv enty-fh e day s of the experiment are given in Table I, pp 
10S-111 To facilitate discussion and companson the data have 
been placed in Table II, p 112 m the form of four-day averages 
The course of the excretion of % anous forms of nitrogen has also 
been represented in graphic form m Fig I, p 115 The per- 
centage values are given m Table III, p 113 

Total Nitrogen If we examine Table II, p 112, it will be 
seen that the average daily output of nitrogen during the eight- 
day feeding period was 15 588 grams This value was lowered 
to 6 231 grams for the first four-day fasting interval whereas the 
three succeeding four-day periods showed progressively decreas- 
ing nitrogen ralues.the figures being 4 471 grams, 4 028 grams and 
3 216 grams respectively From this pomt the output of nitrogen 
fluctuated irregularly until the twenty-first period, or eighty-first 
day of the fast at which time a more uniform lea el was assumed and 
fairly well maintamed throughout the remainder of the fast 

The slight nse m the nitrogen excretion upon the last day of the 
fast cannot be considered as the beginning of the pre-mortal rise 
In the first place the pre-mortal nse is mvanably preceded by a 
slight decrease m the nitrogen excretion, a condition not observ ed 
in this expenment A much more potent argument against con- 
sidenng the shght increase in the nitrogen of the final fasting day 
as an indication that the pre-mortal nse had been established is 
found m the fact that at no time had the daily output of creatine- 
nitrogen exceeded that of creatinine-nitrogen Id all the fasting 
studies made in this laboratory , where the animals have fasted to 
the pre-mortal nse, we bat e noted m e\ ery instance that the out- 
put of creatine mcreases dunng the final stages of the fast and 
finally a few days before the fall m the nitrogen output which 

15 Reported before American Phj siological Society , Baltimore, December, 
1911 
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TABLE X 

General Data 



Preliminary Period — 700 cc water per day 



kgs 

CC 


grams 

grams 

grams 

grams 

grams 

grams 

grams 

1 


474 

10135 


8 795 

0 479 

0 271 




2 


963 

1026 

17 354 

W£M$1 

0 608 

0 421 

0 470 


0 031 

3 


448 

1018 


5 165 

0 390 

0 187 


0 050 


4 


1330 

1026 

24 770 

21 477 

0 948 

0 666 

0 484 

0 056 

0 066 

5 

26 36 

400 

1030 


7 881 

0 341 

0 193 

0 236 



6 

26 36 

360 

1031 

KIWI 

7 698 

0 330 

0 311 

0 108 



r 

26 36 

1028 

1028 

23 192 

20 479 


0 622 

0 331 

0 069 

0 025 

8 

26 33 

1043 

1028 

24 136 

21 070 

0 986 


0 430 

0 095 

0 032 

Average 

15 588 





0 065 

0 035 


Fasting Period — 700 cc water per day 


i 

25 

82 

680 

1015 

9 

326 

8 

051 

1 

304 


0 109 

1 0 

093 



2 

25 

34 

380 

10125 

2 

029 

1 

421 

B 

244 

0 091 

0 024 

( 




3 

25 

05 

276 


4 

632 

3 

715 

1 

324 

0 186 

0 092 

[ 




4 

24 

69 

885 

HP1I 

9 

038 

7 

323 

B 

630 

0 536 

0 162 

1 0 

035 

0 

rna 

6 

24 

37 

496 

10115 

4 

734 

3 

800 

0 

355 

0 289 

0 083 

0 


0 


6 



590 

Msm 

4 

820 



0 

416 

0 322 

0 112 





7 



337 

mM 

3 

072 

2 

428 

0 

241 

0 185 

0 054 

0 

013 

0 

021 

8 

23 

80 

455 

10125 

5 

260 

4 

312 

0 

335 

0 275 

0 107 

0 

021 

0 

028 

9 



200 

■ \ - 

2 

364 

1 

963 

0 

102 

0 132 

0 046 





10 

23 

42 

449 


6 

161 

4 

969 

0 


0 357 

0 058 

0 

024 

0 

021 

11 

22 

98 

219 


4 

284 

3 

477 

0 

257 

0 221 

0 021 





12 

22 

90 

520 


3 

320 

2 

672 

0 

242 

0 171 

0 042 





13 

22 

89 

980 


4 

099 

3 

179 

0 

357 

0 329 

0 032 

0 

018 

■ 

Mtl 

14 

22 

54 



1 

657 

1 

341 

0 

115 

0 097 


0 

010 

0 

007 

15 

22 

35 

318 

1011 

2 

432 

1 

934 

0 

198 

0 138 

0 010 

0 

00G 

■9 

100 

16 



660 

V !' J 1 

4 

678 

3 

722 

0 

3S4 

0 242 

0 055 

0 

013 

0 

025 

17 

22 

12 

588 

■ u 

3 

444 

2 

805 

0 

217 

0 220 

0 009 

E 

020 

Mi 

Wm 

18 

21 

83 

790 

1 I 

5 

966 

4 

860 

0 

368 

0 310 

0 058 

E3 

023 


003 

19 

21 

57 


Wt S 9 

1 

269 

1 

075 

E 

HI 

0 078 

0 00 

i 

001 

m 

20 

21 

49 

422 


2 

970 

2 

407 

0 

222 

0 191 

0 00 





21 

21 

14 

725 

100S5 

5 

420 

4 

440 

0 

346 


0 004 





22 

21 

03 

529 

; X 

2 

520 

2 

132 

0 

156 

0 172 

0 00 





23 

20 

82 

470 


2 

650 

2 

188 

0 

189 

0 163 

0 00 





24 

20 

75 



4 

825 

3 

888 

0 

325 

0 271 

0 041 

0 

139 

0 0 

19 

25 

20 

61 



1 

933 

1 

631 

0 

115 

0 123 

0 00 



26 

20 

27 



5 

219 

4 

306 

0 

305 

0 327 

0 00 





27 

20 

10 

457 

3 

3 

518 

2 

892 

0 

184 

0 224 

0 016 





28 

20 

00 


Jh 

3 

225 

2 

553 

0 

254 

0 206 

0 00 





29 

19 

96 

460 

1004 

1 

715 

i 

379 

0 

131 

0 115 

0 00 
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TABLE I— (Continued) 
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TABLE I — (Continued) 


§ ! 
§ 







Z I 


§ 

§ 

^ ' 



z 1 

w I 

z 

» « 1 

W | 
£ ; 

gg 


z 

Z i 

< j 

s 

« 

55 

! 
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oP 
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CU 

ra 

P 
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R 

O 
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« 

OS 
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a 
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■< 
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O 

< 

W 

S 

CJ 
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£ 

a 

55 

5 
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h 


z 

o 

f- 

z 

< 

J 
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700 cc water per day — Continued 



kgs 

Cc 


grams 

prams 

grams 

grams 

grams 

grams 

prams 

67 

14 44 

025 

10045 

3 566 

2 862 

0 329 

0 163 

0 00 

} 

1 

68 

14 14* 

192* 

1019 

2 997 

2 446 

0 249 

0 135 

0 00 



69 

14 20 

■111 

10135 


2 136 

0 218 

0 117 

0 00 

IFIET1 

IBeS 

70 

14 21 

■ISS 

■ pH 


1 480 

0 146 


0 004 



71 

13 9S 

7 40 

B iii 


3 179 

0 352 

0 148 

0 047 

j 


72 

13 87 

600 

■sis 

3 573 

2 885 

Kli 

0 134 

0 019 



73 

13 70 

612 

B MSS 

2 571 

2 089 

Hi 

0 106 

0 012 



74 

13 61 

573 

B Ipl 

3 266 

2 671 

0 275 

0 120 

0 013 

10 036 

H3 . 

75 

13 62 

428 


4 113 

3 544 

0 156 


0 016 



76 

13 38 

675 

1006 

3 942 

3 207 

0 323 

0 144 

0 028 



77 

13 27 

565 

10045 

3 024 

2 488 

0 242 

0 111 

0 025 


' 

78 

13 60 

568 



2 173 

0 212 


0 025 



79 

13 00 

630 

1 1005 

3 588 

2 932 


0 119 

0 039 

•0 048 

1 Tim 

SO 

13 02 

367 


1 854 

1 548 

0 136 


0 025 



81 

13 07 

39S 


2 278 

1 885 

0 176 

0 0S1 

0 012 


J 

82 

12 80 

711 

1004 

3 842 

3 156 


0 140 

0 015 

] 

] 

83 

12 65 

602 


3 436 

2 841 

0 278 

0 121 

0 013 



84 

12 05 

475 

BfeQs&B 


1 672 

0 153 


0 015 

10211 ‘ 

mm 

85 

12 46 

655 

10065 

3 578 


0 261 





86 

12 37 

550 

■ MfeS 

2 784 

1 822 

0 469 


0 013 

J 

J 

87 

12 43 

479 


1 956 

1 693 

0 J63 


0 921 

J 


88 

12 20 

680 


3 534 

2 911 

0 253 

0 119 

0 061 



89 

12 26 

448 


1 841 

1 541 


0 062 

0 034 

02* 

[o 048 

90 

12 14 

587 


2 931 

2 458 

0 188 

0 091 

0 043 



91 

11 97 

070 

1003 

2 S91 I 

2 427 

0 200 

0 094 

0 035 



92 

12 02 

405 

10025 


1 638 

0 132 

0 062 

0 017 



93 

11 78 

630 

1003 

3 186 1 


0 216 


0 020 



94 

11 78 

530 

10025 



0 141 

0 06S 

0 012 

0 034 

nVMl 

95 

11 G5 

620 

8^ <m m 


2 559 

0 171 

0 090 

0 027 


1 

96 

11 52 

557 


2 582 

2 209 

0 153 

0 079 

0 032 



97 

11 62 

486 


1 930 

sTtoII 

0 125 
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‘Blglossln weight und low urine volume due to fact that no water was gh on tho dogon 
sixty-seventh day 
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precedes the pre-mortal rise the creatine-nitrogen excretion is found 
to be greater than that of crealmine-mtrogen 17 If the data for the 
creatme-mtrogen and creatinine-nitrogen excretion of the present 
experiment be examined it will be noted that the creatine-nitro- 
gen output at no time exceeded that of creatmme-nitrogen This 
fact precludes any possibility of considering the slightly increased 
nitrogen output of the last fasting day as the beginning of the pre- 
mortal rise m the nitrogen excretion 
The pronounced increase in the nitrogen output for the sixteenth 
period v, as due to the fact that the daily water ration vt as increased 
from 700 cc to 2100 cc for each of the days of this period The 
influence of this high water ingestion has alread3 r been discussed 
by us in another connection 1S The conclusion drawn from this 
increased nitrogen excretion when taken into connection with the 
creatine, purine, and allantoic data hereinafter discussed was to 
the effect that the high water mgestion had caused increased 
protein catabolism This augmented output of nitrogen is neatlj 
represented m Fig I, p 115 

Uhea-Nxtrogen For the most part the urea excretion ran 
closelj parallel with that of total nitrogen This fact is especially 

17 Howe and Hawk Loc cit , Howe, Mattill and Hawk Proceedings 
Amcr Soc Biol Chcm , Julj , 1910 
w Howe, Mattill and Hawk This Journal, x, p 417,1911 
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TABLE II 


Nitrogen Distribution — Four-day Averages 
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Percentage Nitrogen Distribution 
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T4BLE XV 


Body Weights, Creatinine Coefficients, Urine Volumes and Water Balance 
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clearly shown in the figure Some interesting relationships are 
observed when the data for the percentage of the total nitrogen out- 
put which was excreted in the form of urea (Table III, p 113) are 
examined During the feeding period a trifle more than 86 per 
cent of the total nitrogen had been excreted as urea-nitrogen 
Under the influence of the fasting metabolism this value decreased 
to an average of 81 5 per cent for an interval of forty-eight days 
At this point m the fast the urea values rose to a value somewhat 
above 85 per cent for twelve days, then sank to the low level for 
about a month, finally coming back to the 85 per cent level for 
the final portion of the fast Our data therefore show in general 
a decreased output of nitrogen m the form of urea during the fast 
above that excreted during the period of normal feeding How- 
ever these data do not substantiate the claim of numerous inves- 
tigators 19 that the percentage output of urea decreases as the fast 
progresses In this experiment the region of low urea values was 
during the first part of the fast whereas the region of high values 
occurred during the more advanced stages of fasting We have 
verified the truth of the claim mentioned above in connection with 
certain experiments on fasting men 20 m which a gradually decreas- 
ing percentage output of urea-nitrogen was observed from the 
beginning to the end of the fasting interval However, in the 
case of fasting dogs we have never succeeded m demonstrating a 
similar course for the urea output 21 

While it is true that the urea values during the first part of the 
fast were somewhat lower than at later stages of the test, it will 
be observed that the variation was not marked The urea values 
may be looked upon, therefore, as more or less uniform in the case 
of fasting dogs On the other hand m the case of fasting men there 
is a marked decrease m the percentage output of urea as the fast 
progresses, the decrease m one of our experiments being from 89 6 
per cent to 79 2 per cent m six days, and in another instance the 
drop being from 86 2 per cent to 75 8 per cent in a similar interval 

18 E andO Freund Loc ci<,Brugsch Zeitschr f exp Path u Therap , 
l and m, 1906, Osterberg and Wolf Biochem Zeitschr , v, p 304, 1907, 
Underhill and Kleiner This Journal, iv, p 165, 1908, Schondorf PJliigcr’s 
Archiv, cxvn, p 257, 1907, Cathcart Loc cit 

80 Howe, Mattill and Hawk Journ Amcr Chem Soc , \xxni, p 568, 1911 

51 Howe and Hawk Loc cit 
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The reason for the difference in the course of the urea output of 
fasting dogs as compared with fasting meD may he, as expressed 
m another paper from this laboratory,- m the fact that the dog, 
whether normally nourished or fasting is deriving its energy pri- 
marily in each instance, from nutntix e matenal of the same char- 
acter, 1 e , fresh lean meat when normally fed and muscular tissue 
when fasted On the other hand man is accustomed to a cooked 
diet of a much low er protein content than the dog consumes and 
his cells are therefore confronted by very unusual conditions when 
asked to catabolize body tissue as they must perforce do in the 
course of a fasting test It is not at all beyond the realm of pos- 
sibility that the differences just mentioned may account at least 
m part for the fact that the course of the fasting excretion of urea- 
nitrogen is different m the organism of the dog from that observed 
in the human organism 

Ammonia-Nitrogen In common with the values for total 
nitrogen and urea-nitrogen the excretion of nitrogen in the form of 
ammonia underwent a sharp decline at the opening of the fast from 
the value as determined for the penod of normal feeding The 
actual figures for the average dailj output were 0 635 gram for the 
feeding interval as against 0 121 gram for the first four-day penod 
of the fast The values for the two succeedmg four-daj periods 
were 0 337 gram and 0 400 gram respectivelj , but from this pomt 
for an mterx al of about two and one-half months the excretion of 
ammoma-mtrogen was fairly uniform There were low values for 
the ninth and eleventh penods and a xery high xalue for the six- 
teenth penod (w ater) but apart from these a anations the general 
lex el of the excretion was about 0 2b gram At this time (tw enty- 
third penod) there came an abrupt decrease in the ammonia x alues 
the data indicating an average daily output of about 0 160 gram 
for the remaining penods of the fast with two exceptions 
The high ammonia value mentioned as occumng id the sixteenth 
period was due to the influence of the increased quantity of water 
fed che animal dunng each of the da\ s of that penod It xvill be 
remembered that the usual dailj allowance of 700 cc was increased 
to 2100 cc on each of these four dajs The increased output of 
ammonia we interpret as an index of stimulated gastnc function 


Howe and Hawk Loc cil 
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This feature of the fast has been discussed m another connection 23 
and the interpretation offered is right m line with other interpre- 
tations from this laboratory which have had to do with the influence 
of water upon the ammonia excretion of the normally nourished 
individual 24 

Creatinine-Nitrogen During the period of normal feeding 
the average daily output of creatinine-nitrogen was 0 410 gram 
This value underwent a gradual decrease as the fast progressed, as 
is indicated by an output of 0 296 gram during the first period, one 
of 0 152 gram during the fifteenth period about two months later 
and one of 0 046 gram upon the one hundred and seventeenth day 
This downward tendency of the creatinine output may be followed 
very nicely m Fig I, p 115 It is also of interest to note that the 
body weight curve as plotted m this figure runs in general parallel 
with the curve representing the creatinine output In other words 
as the body lost in weight the creatinine output decreased These 
facts are in line with the claim that the creatinine output is a func- 
tion of the amount of active muscular tissue in the body 25 We 
have made similar observations m connection with other fasting 
studies 26 

If Table I be examined it will be observed that the output of 
creatinme-mtrogen for the sixtieth day was far above the average 
output for the experiment up to that time This was the day upon 
which the water ingestion of the animal was increased 200 per 
cent above the usual quota, as before mentioned In experiments 
previously made m this laboratory m which men and animals have 
been subjected to the influence of fasting or water drinking the 
creatinine output has without exception been decreased under these 
conditions It is interesting, therefore, m the present instance 
where we have the influence of the two factors (fasting and water 
drinking) exerted simultaneously upon the same individual, that 
the creatinine output should be increased rather than decreased 
This feature has been more fully discussed m a previous paper to 
which reference has already been made 

23 Howe, Mattill and Hawk This J ournal, x, p 417, 1911 
*< Fowler and Hawk Journ Exp Med , xn, p 388, 1910, Wills and Hawk 
Proceedings Amer Soc Biol Chem , This Journal, ix, p xxix, 1911 
26 Fohn Amer Journ of Physiol , xm, p 66, 1905, Shaffer Ibid, xn, p 
252, 1906, McCollum Amer Journ of Physiol , xxix, p 210,1911 
28 Howe and Hawk Loc cil , Howe, Mattill and Hawk Loc cit 
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At the very end of the fast it will be noted by examining Fig 
I, p 115, that the curves for the excretion of nitrogen in the forms 
of creat inin e and creatine approach rather closely to each other 
but do not cross The relation of this fact to the absence of any 
pre-mortal rise m the nitrogen excretion is discussed elsewhere in 
this paper in connection with the excretion of creatine and total 
nitrogen 

The percentage of the total nitrogen which was excreted as 
creatinine (Table III, p 113i decreased gradually as the fast pro- 
gressed 

CimaTiNE-NiTHOGEN During the course of the eight-day pre- 
liminary period there was a daily average of 0 343 gram of creatine- 
nitrogen excreted by the dog This creatine excretion is of course 
directly traceable to the fact that the dog is a “high protein” ani- 
mal As we have already said, the diet of the dog m question con- 
tained3 75 grams of protemper kilogram of body weight In other 
words a man of 70 kg weight if fed on the same level would be 
ingesting over 260 grams of protein per day This is a protein 
ingestion about two and one-half times greater than that sug- 
gested by the Voit standard 17 and about fix e times greater than that 
suggested by Chittenden 33 The normal human organism does 
not excrete ingested creatine to aDy degree unless such an organism 
be living upon a high protein level similar to that above men- 
tioned 29 The gradual mcrease in the creatine output accompany- 
ing an increase in the diet is very nicely shown m the study of 
“repeated fasting” recently reported from this laboratory by 
Howe and Hawk 

In the present instance upon the first day of the fast there was, 
of course, a very sharp drop in the creatine elimination, onlj 0 109 
gram bemg eliminated whereas the average daily output for the 
first four-day period was 0 097 gram as against a daily average of 
0 343 gram for the interval of high protein feeding From this 
point the creatine excretion underwent a gradual decrease until the 
eighth period at which time the unne of the dog was found to be 
practicall} crcatine-free This period of low creatine values con- 
tinued for nearly one month or until the end of the fifteenth period 

17 Lusk’s Science of Nutrition, 2d Ed , 1909 

” Chittenden Physiological Economy m Nutrition, 1904 

" Fohn HammarsUn Festschrift, p 15, 1906 
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At the opening of the sixteenth period it will be observed that 
creatine again appeared m the urine m large quantities, the excre- 
tion of this constituent being greater than at any time in the whole 
experiment subsequent to the second period or eighth day In 
other words m a total of one hundred and nine fasting days the 
period in question showed the highest creatine values This is 
all the more striking when we recall the fact that it follows imme- 
diately after an interval during which the urine was to all intents 
and purposes creatine-free 

By referring to Fig I, p 115, the course of the creatine-nitrogen 
excretion may be very conveniently followed It will be seen that 
the curve gradually descends during the early part of the fast and 
m the eighth period, after about one month’s fasting, it assumes 
the low level mentioned, and continues at this low level until the 
opening of the sixteenth period as before mentioned This penod 
of very low creatine values is represented on the figure by a vir- 
tually straight line thus accentuating the following rise of the six- 
teenth period 

It will be remembered that this sixteenth period was the inter- 
val during which the daily water quota of the animal was increased 
from the usual one of 700 cc to one three times as great, i e , 2100 
cc In previous work from this laboratory 30 upon the influence 
of water drinking upon the creatine excretion it has been demon- 
strated that the ingestion of large volumes of water by normally 
noui ished men was followed by the appearance of creatine in the 
urine The creatine data of the experiments mentioned have 
been offered as the first direct experimental evidence m support 
of the hypothesis that the increased nitrogen output which fol- 
lows water drinking is due to a stimulation of 'protein catabolism 
and not to a simple flushing of the tissues Bearing these findings 
m mind the high creatine values of the water period of this fasting 
studj r are very significant Here we have an animal which has 
been fasting for nearly two months, receiving a daily ingestion of 
water amounting to 700 cc Under these conditions the unnc 
volumes averaged about 500 cc indicating that the tissues and 
organs of the dog must have been pretty well flushed during each 
day of the fasting interval Moreover the urine w r as practically 

30 Fowler and Hawk Loc cit , Howe and Hawk Unpublished 
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creatine-free as has already been mentioned At this very oppor- 
tune moment of mini mum creatine values the water ingestion of the 
animal was increased 200 per cent, and coincident with this in- 
creased water intake comes the augmented creatme output Cer- 
tainly it is perfectly logical to conclude m this connection that the 
•water was the active factor in bringing about the increase m the 
quantity of creatme eliminated We very naturally look to the 
muscular tissue when we inquire as to the origin of the creatme 
The water has evidently been instrumental m causing a true cat- 
abolism of protem material As discussed m a previous paper, 31 
however, when we attempt to show a definite relationship between 
the total mtrogen figures and those for creatme-mtrogen our cal- 
culations mdicate a discrepancj The total nitrogen outputwas 
increased 3 188 grams during the water period, a mtrogen quota 
equivalent to 98 grams of flesh if we take the value 3 25 per cent 
for the nitrogen percentage of flesh Taking creatme in a similar 
way and using 0 123 per cent as the creatme-mtrogen \ alue of 
flesh we find that the increased creatme-mtrogen of the water 
period aggregated 0 182 gram, a value equivalent to 148 grams of 
flesh There is thus a discrepancy of 34 per cent between our total 
mtrogen and our creatme-mtrogen figures if we consider that each 
type of value represents the complete disintegration of muscular 
tissue This being true, we were forced to the conclusion, as 
already discussed elsewhere, that creatine may be removed from mus- 
cular tissue and excreted m the unne without its removal of necessity 
being accompanied by the complete disintegration of that tissue In 
support of this contention we would offer certain other evidence 
obtained in connection with fasting experiments earned out m this 
laboratory 33 In these tests the creatme content of muscle was 
much decreased as the result of fasting, a decrease of over 60 per 
cent being noted The nitrogen content of this same muscle was 
however but slight!} lowered This low creatine value for a 
muscle which still retains its ongmal mtrogen quota practically 
unaltered is a tery significant finding, and emphasizes agam the 
inaccuracy of considenng the total amount of creatme excreted as 
having ansen from the complete and permanent disintegration 
of muscular tissue It is evident then that creatine may be removed 

11 Howe, Mattill and Hawk This Journal, x, p 417, 1911 

’ Howe and Hank Journ Amer Chem Soc , xxxm, p 215,1911 
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Jrom tissues which ate still functioning within the body Mendel 
and llose 33 have recently reported an increase in the creatine con- 
tent of the muscles of fasting rabbits and hens In this connection 
they have objected to certain of our interpretations The matter 
has received further consideration from us in a recent article w 

After leaving the water period the curve for the excretion of 
creatine-nitrogen descends abruptly and from this low plane be- 
gins a somewhat gradual rise to the end of the fast Coincidently 
with this use m the creatine-nitrogen curve it will be noted that 
the curve representing the output of creatinine-nitrogen descends 
They appioach very close to each other but do not cross This 
fact is of great significance when taken into consideration with 
othei creatine and creatinine data collected by us in recent fasting 
studies In every instance m which our animals have been fasted 
to the so-called pre-mortal rise in the nitrogen excretion, the crea- 
timne-mtrogen output has decreased during the later stages of 
the fasting interval and this decrease has been associated with a 
much more pronounced inciease in the output of creatme-nitrogen 
When these values were plotted it was noticed that the curves for 
the excretion of creatine and creatinine, m every case, crossed a 
few days before the fall m the nitrogen output which preceded the pre- 
mot tal rise This “creatine ciossing” occurred with great regular- 
ity r at practically the same point with respect to this fall m total 
mtiogen output and it is believed to be a sign of more than ordi- 
nary significance It will be studied further in this laboratory 
On the basis of our knowledge regarding the relationship between 
the “creatine crossing” and the ultimate death of an animal we 
estimate that "Oscar” would have been able to live at least one 
hundred and thirty days -without food 

When the elimination of total nitrogen was discussed in a pre- 
vious paragraph attention was called to the fact that there was a 
slight increase in the nitrogen output upon the one hundred and 
seventeenth or final day of the fast This slight increase in the 
nitrogen excretion is not believed to be connected in any way with 
the pre-mortal rise m nitrogen excretion inasmuch as it w r as pre- 
ceded neither by a decreased output of nitrogen nor by the phe- 
nomenon we have termed the “creatine crossing ” 

35 Mendel and Rose This Journal, \, p 255, 1911 

34 Howe, Mattill and Hawk This Journal, p 417, 1911 
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An examination of Table III, p 113, will show that there was 
not only an actual increase m the output of creatine-nitrogen dur- 
ing the final stages of the fast but also an accompanying increased 
percentage output as well In other words the increased output of 
creatine was accompanied by a less pronounced increase or by 
a decrease in the output of total nitrogen 

Purine-Nitrogen These values and those for allantoin-nitro- 
gen were determined for the first nmet>-six days of the one hun- 
dred and seventeen-day fast, and reported in connection with 
other data on the allantoin and punne output of fasting dogs 35 
The data are included in the tables of the present paper in order 
that the records may be complete on this exceptional^ long fast 
A brief summarj of the findings m this connection will be gi\ en 
at this time The purine values were somewhat irregular during 
the fast but there was nevertheless a decided tendency toward a 
decreased output as the fast progressed For example if we com- 
pute the average output for the first half of the fast and compare 
this with the average output for the second half of the fast w e ob- 
serve that the output was considerablv decreased during the second 
half of the fast Scaffidi 36 has recently reported a decreased out- 
put of punne-nitrogen by a dog during the course of a sixteen-day 
fast On the other hand Schittenbelm , 37 ana Underhill and Kleiner 35 
found the course of the excretion to be irregular In the interest- 
ing work of Hunter and Givens 35 on the punne excretion of the 
coyote the course of the elimination of this form of nitrogen was 
not studied inasmuch as composite unne samples were utilized for 
analysis 

By referring to the data for the water penod m Tables I and II, 
pp 109 and 112, it will be observed that the punne-nitrogen out- 
put decreased in a v erj marked manner dunng the time of high 
water ingestion This phenomenon is discussed later 

AnLANTors-NiTROGEx The output of allantoin-nitrogeD during 
the fast was irregular However, if we compare the output for 
the first, thirtj dav s of the fast with the output for the last thirty 

“Wreath and Hawk Journ Amcr Chcm Soc , vxxm, p 1601,1911 
“ Scaffidi Biochcm Zcitschr , \wm, p 153, 1911 
*’ Sclnttenhclm Zcitschr f physiol Chcm , lxn, p SO, 1909 
“ Underhill and Kleiner This Journal, n , p 165, 190S 
” Hunter and Givens This Journal, am, p 449,1910 
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days we find that this output has decreased 40 per cent, ? e , from 
0 4 gram to 0 24 gram None of the previous investigators of the 
fasting output of allantom have observed such a marked decrease 
during the final stages of the fast as we have recorded here 
Upon the days of high water ingestion the output of allantom 
was ma eased m a very pronounced manner Previous to this 
water period the average daily e\ci etion of aliantom-mtrogen had 
been 0 011 gram The high water intake caused this daily value 
to be increased more than three-fold on the first da}' of its ingestion, 
the values remaining quite uniform^ high throughout the period 
It will be recalled that the values for the purme-mtrogen excretion 
were decreased during this interval of copious water ingestion in 
which the allantom-nitrogen values were increased Furthermore 
it has been shown by Rulon and Hawk 40 that the uric acid output 
is dea eased under the influence of an increased water ingestion It 
is u ell known that purine bodies may be oxidized to allantom and 
furthermore that the allantom excretion of an animal may be in- 
creased by purine feeding It therefore seems fair to conclude 
that the large volume of water introduced into the bodjr of this 
fasting dog has markedly stimulated the oxidation mechanism 
and consequently such substances as would under ordmarj con- 
ditions go to augment the purme-mtrogen output have been 
transformed into allantom and are excreted m this form 

If we consider the total output of nitrogen of purme origin 
(purme-nitrogen + allantom-nitrogen) we observe that it is in- 
creased during the interval of high water intake This may he 
taken as further evidence m the support of the hypothesis that at 
least a part of the increase w the total nitrogen output observed 
to follow copious water drinking is due to a true protein catabolism 
rather than to a flushing of the tissues As before mentioned in 
connection with the discussion of the output of creatine, the in- 
creased nitrogen excretion during the water period was equivalent 
to 98 grams of flesh If we calculate the purine-nitrogen value 41 for 
this 98 grams we find it is 0 059 gram whereas the actual increase 
in this form of nitrogen was but 0 032 gram In other words, 
we cannot account for 46 per cent of the theoretical quantity of 

40 Rulon and Hwk Journ Amer Chcm Soc , \\\n, p 1GSG, 1910 

41 Hall The Purine Bodies in Foodstuffs, Manchester, 1902, p 29, Tible 

IV 
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punne-nitrogen The cause of this discrepancy may be due 
partly to the method of analysis employed and partly to the fact 
that the allantom was further oxidized with the resultant formation 
of other nitrogenous substances 

Undetermined Nitrogen The data for the actual output 
of this form of nitrogen indicate considerable irregularity as would 
naturally be expected in a fasting organism In general the values 
were higher during the first half of the fast than they were during 
the later stages of the fasting interval When we consider the 
percentage output of undetermined nitrogen as given in Table III, 
p 113, we observe a much greater uniformity from penod to period 
than is ordinarily the case The a\ erage daily percentage value 
was about 4 6 per cent which was a tnfie higher than the value for 
the penod of normal feeding preceding the fast, t e , 4 3 per cent 
Other fasting tests already reported from this laboratory 4 - have 
also shown very uniform undetermined nitrogen values for fasting 
periods In the instances cited, how ever, the level of the feeding 
periods was considerably above the fasting level, whereas m the 
present experiment this vanation was not noted 

Body Weights, Creatinine Coefficients, Unne Volumes and Percentage 
Water Elimination 

The dog weighed 26 33 kg at the start of the fast whereas his 
weight at the end of the fast on the one hundred and seventeenth 
day was 9 76 kg He had lost approximately 63 per cent in body- 
weight The daily loss was greater during the first portion of the 
fast than during the later stages, as would logically be expected 
There was in general a gradual decrease in the daily loss in weight 
up to the time the water ingestion of the ammal was increased 
from 700 cc to 2100 cc This high water intake occurred dunng 
the sixteenth penod If Table IV, p 114, be e xamin ed it will be 
observed that the average daily loss for over a month previous to 
this time had been 0 10 to 0 15 kg With the adv ent of this mter- 
ixl of copious water ingestion, however, the daily loss increased 
to 0 46 kg this being the highest daiij loss sustained by the animal 
at any time dunng the fast The loss in weight was still marked 
(0 22 kg ) dunng the period following the time of high water intake 

“ Howe and Hawk Jo urn imer Chem Soc , xxxm, p 215, 1911 
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but from that time up to the last day of the fast the average daily 
loss was in general progressively decreased The loss upon the 
one hundred and seventeenth fasting day was 0 26 kg This big 
loss was due partly to a high urine volume and a mild diarrhoea 

The creatmm e-coefficient was 15 6 for the preliminary feeding 
period At the opening of the fast the coefficient dropped to 12 0 
and decreased slowly and irregularly from this point to the eigh- 
teenth period For the remainder of the fast the coefficient de- 
creased rather more sharply, the fast ending with a coefficient 
of 4 7 

The average daily'’ urine volume dm mg the preliminary penod 
was 708 cc a volume which was practically identical to the daily 
watei ingestion As the fast opened the urine flow very naturally 
fell somewhat maintaining an average of about 500 cc for the inter- 
val up to the time of high water ingestion, i e , the sixteenth period 
The average urine volume for the later part of the fast was some- 
what higher than it had been at earlier stages m the fast, the value 
being about 550 cc as against 500 cc The volumes were more 
uniform from day to day and from period to penod m the later 
portion of the fast With few exceptions, however, the daily 
urme volumes showed a satisfactory uniformity throughout the 
fast -when we take into consideration the fact that the animal was 
not catheterized The urme was acid m reaction throughout the 
fast 

Differential leucocyte counts were made throughout the fast 
a report of the findings having already been presented 43 

SUMMARY 

The subject of the fast was a Scotch collie dog (“Oscar”) weigh- 
ing 26 33 kg at the opemng of the fast The fast was one hundred 
and seventeen days in length thus constituting by many 7, day's the 
longest fast on record The dog gave evidence of being possessed 
of wonderful vigor and stamina This was indicated by r the fact 
that he was able to jump out of his cage so late as the one hundred 
and first fasting day 

At the end of the fast of one hundred and seventeen day's the 
animal was carefully fed and ultimately brought back to his original 

43 Howe and Hawk Proc Am Soc Biol Chem , 1911 
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bod} weight and subjected to a second fast The data from this 
second fast will soon be published 

The urine of the animal -was examined quantitatively for total 
nitrogen, urea, ammonia, creatinine, creatine, allantom and purrne- 
nitrogen The total nitrogen content of the feces was also deter- 
mined 

During the pre-fasting interval, the dog was fed a diet containing 
3 75 grams of protein per kilogram body weight He also received 
700 cc of water per day during the feeding interval as well as during 
the fast 

The body weight loss aggregated about 63 per cent for the one 
hundred and seventeen day fast, the actual weight being 26 33 
kg before the fast and 9 76 kg on the one hundred and se\ enteenth 
day 

There was no indication of a pre-mortal rise in the nitrogen ex- 
cretion The “creatine crossing, ” i e , the point in a fast at which 
the putput of nitrogen m the form of creatine exceeds that m the 
form of creatinine, was not in evidence This fact is interpreted as 
indicating that the dog would probably have been able to fast a 
total of at least one hundred and thirty days if he had not been 
fed upon the one hundred and seventeenth day 

At the end of the fifty-ninth fasting day, the water ingestion of 
the dog was raised to 2100 cc per day for an interval of four days 
This caused an increase of 77 5 per cent in the total nitrogen 
output for the first day, urea, ammonia, creatinine, creatine, and 
allantom being simultaneously 7 increased, whereas purine was 
decreased in quantity 

The creatinine coefficient n as 15 6 for the period of normal feed- 
ing preceding the fast, 12 0 at the opening of the fast and 4 7 on 
the one hundredth and seventeenth fastmg day 

The percentage nitrogen distribution was in general similar to 
that reported by us in connection with shorter fasts on dogs 
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INTRODUCTION 

The reaction of feces has been determined qualitatively by v 
Koziczkowshi 2 who noted the color change of litmus in aqueous 
extracts of feces Hemmeter 3 also observed the reaction m fecal 
extracts and noted the varying reactions of the same extract to 
different indicators The use of various indicators for the deter- 
mination of the degree of acidity of the intestinal contents has been 
reported by Mattes , 1 Macfadyen, Nencki and Sieber 5 and also 
by Hemmeter , 6 and the results show that the true reaction varies 
slightly, but is m general not far from neutral 

The results of the authors already mentioned as having made a 
study of the reaction of feces with the use of various indicators and 
of v Oefele , 7 Schmidt and Strasburger 8 and Lynch 9 show the re- 

1 Reported before the American Societj of Biological Chemists at Balti- 
more, Dec , 1911 

* i KoziczkowsLi Deutsch med Woch , 1904, No 33 

’Hemmeter Arch f d ges Physiol , Ixxxi,p 151,1900 

1 Mattes Berliner Klin Woch , 189S, p 539 (XVI Kongress fur Innere 
Medicm, Wiesbaden) 

1 Macfadjen, Nencki and Sieber .4rc/i / exp Path u Pharm , xxvm, 
p 311,1891 

I Hemmeter Loc cit 

I I Oefele Stalistischc Verglcichstabellcn zur pract Koprologie, Jena, 
1°04 (from Schmidt and Strasburger) 

* Schmidt and Strasburger Die Faeces des Mcnschen, Berlin, 2d Edition, 
1905 

* L\ nch Copologia, Tesis, Buenos Vires (from Schmidt and Strasburger, 
1S9G, p 52) 
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action of normal feces to be approximately neutral, 1 e , acid to 
indicators which give changes in color at hydrogen ion concentra- 
tions of 1 X 10~ 7 or less and alkaline to indicators changing color 
at hydrogen ion concentrations greater than that value Similar 
conditions have been observed by us in our work upon the reaction 
and hydrogen ion concentration of feces, m which we used methjl 
orange, litmus, lacmoid, rosolic acid and phenolphthalem papers 
to test the reaction Methods for the determination of the titrat- 
able acidity of feces have been proposed by Rubner, 10 who ex- 
tracted with water and titrated with baryta water, by Blauberg, 11 
Boas, 12 and J Muller 13 who titrated with sodium hj r droxnde 
(hydrochloric or sulphuric acids for alkaline stools) using phenol- 
phthalem or litmus paper as an indicator Langstem 14 observed 
that the titratable acidity depended upon the indicator used 
The neutral, slightly alkaline or amphoteric (Lynch, 16 Schmidt 
and Strasburger, 16 Hecht, 17 Nothnagel 18 ) reaction observed m the 
normal feces of an individual on a mixed diet, may give place to a 
distinctly acid or alkaline reaction, according to the kind of food 
ingested The reactions of the normal stools as shown b} r the 
use of different indicators have been explained for the neutral 
stools as due to the presence of carbonates, and perhaps other 
gas-forming substances, and phosphates (Mattes, 19 Hemmeter 20 ) 
For acid stools the presence of large quantities of fatty acids has 
been suggested which may result from excessive carbohydrate 
fermentation or from the poor utilization of the ingested fat The 


10 Rubner Zeitschr f Biol , \v, p 159, 1879 

11 Blauberg Experimentelle und kritiscke sludien uber S&uglings Faeces, 
Berlin, 1896, p 42 

12 Boas Diagnosis l und Therapie der Darmlranhheilen, Leipzig, 189S, 


p 103 

13 J Muller Uber die ReaLlion der normalen S&uglings Faeces , Diss 
Rostock, 1907 

u Langstem Jahrbuchffir Kinder heilLunde, Ivi, p 330 (cited by Hecht) 

15 Lynch Loc oil 

16 Schmidt and Strasburger Loc cii, p 106 

17 Hecht Die Faeces des S&uglings und des Kindes, Berlin, 1910 p 20 

18 Nothnagel Bcilrage zur Physiol und Path des Darms, Berlin 1884 


p 79 

19 Mattes Loc cit 

20 Hemmeter Loc cii , p 156 
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alkaline stools which accompany pronounced putrefaction are due 
largely to the resulting ammonia (Schmidt and Strasburger ) 21 
Especial attention has been gn en to the reaction of infant stools 
and the data show that with the ingestion of mother’s milk an acid 
stool results, whereas with the ingestion of cow’s milk the reaction 
is alkaline (Blauberg,- Hellstrom , 23 Langstein , 21 Schlossmann , 23 
J Muller 26 ) Schlossmann explains this phenomenon as due to 
the higher fat content, with relation to the protem, which is found 
in mother’s milk A quantitative exam nation (Blauberg) of the 
feces resulting from these two diets shows that the aciditj is due 
largely to volatile fatty acids Hedemus 27 has shown that with 
the same diet (carbohydrate), he obtained an acid stool or an 
alkaline stool according to the age of the infant (two months or 
seven to ten months) The reaction of the feces of adults fed upon 
cow’s milk is similar to that of the infant stool resulting from a 
similar diet, 1 e , neutral to slightly alkaline (Itubner), although 
Lynch shows that the reaction may be slightly acid under such 
conditions 

A pathological condition of the intestinal tract may result m 
a change in the reaction of the feces Those diseases associated 
with the poor utilization of the fats or m an mcreased fermentation 
gvve rise to an acid stool, while those diseases which result in an 
mcreased putrefaction are accompanied bj stools having an alka- 
line reaction Muller 28 and Schmidt and Strasburger report the 
reaction of fasting feces as shghtlj acid 

The exact hj drogen ion concentration of feces, so far as we ha\ e 
been able to find from an examination of the literature, has ne\ er 
been determined 


1 Schmidt and Strasburger Loc at , p 107 
55 Blauberg Loc ci ( 

51 Hellstrom Archu fur Gyndt ologxc, 1901 (cited bj Hecht) 

* Langstein Loc at 

5 Schlossmann Zcnlralbl fur KmdcrhaU unde, ix, No 7,1906 
1 J Muller Loc at 

n Hedemus Arch j 1 crdouungsl-ran} haten, mi, p 379, 1907 
** Muller Berliner / hn H och , xxi \ , p 433, 1SS7, 1 trchoie’s Archie, cxxxi 
(supplement), 1893 
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EXPERIMENTAL 

Three men, C, V and E served as subjects m this investigation 
Subjects C and V were used in the study of the effect of water 
drinking with meals Subject C was twenty-nine years old and 
weighed 60 kg , while subject V was twenty-four years old and 
weighed 58 kg Subject E, who was used in the fasting test, 
had been the subject of previous experiments m this labor- 
atory 20 

The investigation upon subjects C and V was divided into five 
periods, the diet remaining uniform The periods are given m 
Table I, p 135 Examinations were made of the stools of the 
last four periods 

The fasting experiment was divided as follows a four-day pre- 
liminary period of high protein intake, a fastmg period of seven 
days, a period of four days m which the subject ingested a low 
protein diet and a final period of four 30 days during which the diet 
was the same as that ingested during the preliminary period 

The diet was the same m character for eaoh of the three subjects, 
The two men in the water drinking experiments ingested 400 cc 
milk, 100 grams of graham crackers, 15 grams of peanut butter 
and 25 grams of butter with each meal The diet of subject E 
will be given in a forthcoming paper from this laboratory 31 

The fecal extract, to be used m the determination of the hydrogen 
ion concentration was prepared as follows, 50 cc of £ Na 2 S0< 
solution being used for the extraction, exactly 2 grams of moist 
feces 32 was weighed out, by difference, into a mortar, and about 
5 cc of the f Na^SCh solution added after which the feces were 
worked up with a pestle until the sample was m a fine homog- 
eneous suspension The remaining portion of the 50 cc of the 

29 Howe, Mattill and Hawk Journ Amer Chem Soc , xxxin, p 568, 
1911, Mattill and Hawk Ibid , \x\m, p 1978, 1911 Unpublished experi- 
ments 

30 In the case of the urine the period was five days m length (see Shenun 
and Hawk, unpublished) 

31 Sherwin and Hawk Loc cit 

32 The comparison was made upon the bases of 2-gram samples of moist 
feces The variable moisture content of the feces seemed to preclude such 
a standard but careful consideration indicated that no other satisfactory 
basis was apparent 
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Na 2 SCh solution was then added and the whole thoroughly mixed 
together This suspension w as centrifugated and the supernatant 
liquid taken for the determination The solutions prepared under 
these conditions were usually colored a light jellow to a dark 
brown and showed very little sediment upon standing 

The “true acidity” of the fecal extract is defined as the hydro- 
gen ion concentration while the “titratable acidity” is the quantity 
of acid or alkali of known strength required to produce neutrality 
with respect to some indicator Two methods of determining the 
true acidity are available, by the use of a series of indicators or by 
the aid of the hydrogen electrode The indicator method 33 is 
very satisfactory when clear solutions can be obtained, however, 
when colored or turbid solutions are to be examined this method 
either fails or loses its accuracy In the case of feces it is prac- 
tically impossible, by filtration through paper or by centrifugation, 
to obtain an extract which is not colored and turbid 

The method of centrifugation offers the best means of preparing 
the fecal extract free from all of the heavier particles, and adapts 
itself especially to routine and clinical work The determination 
of the hydrogen ion concentration by means of the hydrogen elec- 
trode offers the most accurate method of obtaining the true acidity 
of fecal extracts In our work the determinations were all made 
upon fecal extracts prepared by centrifugation and the hydrogen 
ion concentration w as determined with the hydrogen electrode 31 

The determination of the hjdrogen ion concentration bj means of the 
hj drogen electrode depends upon the difference of potential which exists 
between two hjdrogen electrodes dipping into solutions of different concen- 
trations Knowing the difference of potential and the hj drogen ion con- 
centration of one solution we can calculate the hj drogen ion concentration 
of the other solution according to the Nemst formula, 

RT C, 
r — — ~ in — 


11 Fnedenthal Zeiischr f Elektrochem , x, p 113, 1904, Salm Zextschr f 
physikal Chcrn , hu, p 471, 1907, Michaelis and Rona ZexUchr / Elec- 
trochcm , xiv, p 251, 190S, Walpole Biochem Journ , v, p 207, 1910 
“ We wish to thank Drs E W ashburn and Gnnnell Jones of the lab- 
oratories of phjsical chemistrj and electro-chemistrj for their courtesj 
in loaning us apparatus and in aiding us with manj helpful suggestions 
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This expression can be simplified in this case to ir = KT log—, where 

_ R Ci 

p y, q 4^2 aQ d is equal to 0 0001983, rr is the difference of potential 

between the two electrodes m solutions whose concentrations are Cy and 
C 2 , R is expressed in joules per degree, Ti sthe absolute temperature, n the 
valence is equal to unity and F is equal to 96,540 coulombs The differ- 
ence of potential was measured by means of the Poggendorf compensa- 
tion method A Lippmann electrometer was used to indicate the zero po 
tential The apparatus was sensitive to changes of 0 001 volt but readings 
were only recorded to 0 1 volt as this was sufficient for the purposes of this 
experiment 

The difference of potential between the two solutions was ordinarily small, 
consequently a Weston cell was introduced into the circuit of the concen- 
tration cells to increase the voltage of thatcircuit Intakmgreadingsthis 
cell was placed first in senes with and then against the concentration cell, 
thus giving a check on the readings The Weston cell was compared with 
a standard Weston cell both before and after a series of readings The 
standard of comparison was a solution containing 0 2 mole NaddPCh and 

0 1 mole NaHjPOi 36 This solution as has been shown by both Washburn 
and Henderson, 3 ' gives a hydrogen ion concentration of approximately 

1 X 10~ 7 , t e , it is neutral 

The feces were extracted with a -S- solution of Na 2 SO< Such a concen- 
tration of NaiSCh was selected m order that the concentration of the sodium 
ions should be approximately equal m both the standard and the unknown 
solutions, thus tending to reduce the solution-potential between them The 
sodium sulphate solution served to neutralize the effect of the variations m 
electrolyte content of the feces and to carry the current and thus prevent 
changes in the concentration of the hydrogen ions around the electrodes 
A saturated solution of sodium sulphate was used as the connecting solution 
between the feces extract and the standard phosphate solution 

The form of apparatus was that described by Salm 57 This consisted of 
two U-tubes 18 mm m diameter, the arms of which were 60 and 80 mm in 
length respectively The long arm of each U-tube was closed with a three- 
hole rubber stopper which held the platinum electrode, a tube for conducting 
the hydrogen to the electrode, one end of which was drawn out into a capil- 
lary and bent at an angle of nearly 180° and another glass tube bent at an 
angle of 90 ° which permitted the escape of the hydrogen from that arm of 
the U-tube The two solutions were connected through the short arms of 


« This solution has already been used m this laboratory for another pur- 
pose (see Hawk Arch Ini Med , vm, p 552,1911) 

36 Washburn Journ Amer Chem Soc , \x\, p 31, 1908, Henderson 
. Amer Journ of Physiol , x\i, p 173, 1908 

37 Salm Zetischr f physilal Chem , Ivu, p 471, 1907 
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TABLE I 


Hydrogen Ion Concentration of Feces Water Drinking ( Hydrogen ton 

concentrations are expressed in moles per liter ) 


NOW 

BCR 

or 

rrooL 

SUBJECT V 

i 

t VUM 
BCR 
! or 
; stool 

, 

SUBJECT C 

Weight of 
Feces 

H-Oln i 
Feres ! 

1 

H+ ton 
Concentration 

Weight of 
Feces 

HsQ in 
Feces 

H + ton 

j Concentration 

Moderate Wafer Drinking (ten days) 


crams 

per cent 



1 C7D7M 

i percent ' 


3 I 

101 5 

79 6 

7 1 x ig -8 





4 

153 5 

82 4 

1 7 

1 

103 5 

76 2 

1 9 X 10 " ‘ 

5 

235 0 

87 5 

1 0 

2 

65 5 

74 9 

2 0 

6 

115 5 

S 4 9 

1 1 

1 3 

130 0 

75 4 

0 3 

7 

93 5 

80 0 

0 S 3 

4 

44 5 

77 1 

0 15 

9 

92 5 

78 9 

1 3 

1 5 

70 5 

76 1 

0 46 

10 

105 0 

80 6 

1 8 

1 7 

83 5 

73 8 

1 0 





8 

50 0 

73 4 

0 98 


1 



! 9-10 

97 0 

72 7 

0 44 

Average 


i 3 x io~* 

| Average 


O BOX Hr* 


Normal Period (Jhe days ) 


l! 

48 5 

79 0 

a 

1 

43 5 

76 6 

0 32 X i<r« 


56 5 

75 8 

1. 

2 

43 5 

73 3 

0 41 


244 5 

SO 7 


3 

60 5 

69 6 

0 28 


154 5 

82 4 

0 62 

4 

73 5 

70 3 

0 33 


115 5 

SO 8 

2 4 

5 

136 0 

72 3 

0 17 

Average 


0 93 X 10~ 8 

Average 


0 30 X 10“' 





1 

56 0 


0 81X 10“ * 

1 

57 5 

76 2 

0 96 X 10~ 8 

2 

75 5 

77 6 

2 5 

2 

43 5 


0 59 

3 

44 5 

S4 2 

:;4WP 

3 

56 5 

74 4 

0 71 

4 

120 0 

77 7 


4 

S6 5 

71 8 

0 34 

5 

171 5 

77 5 

0 S3 

5 

93 5 

72 3 

0 3b 

At erage 


1 06 X 10"* 

A\ erage 


0 59 X 10~* 


Normal Period (fhe days) 


1-2 

162 5 

79 7 

% i 

1 

72 0 

72 S 

0 35 X 10“» 

3 

124 5 

SO 8 


2 

66 5 

72 S 

0 20 

4 

56 5 

7S 9 

10 

3 

72 5 

74 8 

0 38 

5 

214 0 

S3 9 


> 4 

74 5 

76 8 

0 37 





5 

72 5 

77 3 

0 36 


Ai erage 


0 S9 X lO-'i 


Av erage 


0 33 X 10“ • 
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TABLE II 


Hydrogen Ion Concentration 0 / Fcccs Fasting ( Hydrogen ion conccnira 



lions are expressed in moles per liter) 


NUMBER OF 8TOOL 

SUBJECT E 



Weight of Feces J H 0 In Feces | 

H + Ion Concentration 


Preliminary period (four days ) 




grams 

j per cent 


2 

166 0 

1 77 4 

5 OX 10~ 8 

3 

184 5 

J 76 7 

8 7 

4 

215 0 

77 7 

9 8 

5 

35 5 

73 5 

0 60 

6 

51 0 

70 9 

2 6 

Average 



5 3X10 -8 

Fasting { seven days ) 

1 i 

’ SI 0 

i 

88 7 


2 

| 38 5 

SO 5 


Average 



1 1X10-* 

Low Protein { four days) 

1 

44 0 

SI 7 

1 0 63X10-* 

2 

19 0 

91 0 | 

6 6 

Average 



3 6X10"* 


Final Period ( four days) 


1 

192 5 

7 S 4 

3 4X10 -8 

2 

230 0 

S5 2 

2 1 

3 

86 5 1 

SO 1 

0 53 

4 

135 0 

77 4 

0 87 

5 

180 5 

77 2 

1 6 

Average 



1 7X10 -S 


the U-tubes by a glass tube of 10 mm diameter bent twice at right angles 
and which was filled with cotton saturated with a saturated solution of 
sodium sulphate 

The hydrogen was generated from metallic aluminum and caustic potash 
The stream of hydrogen was washed twice with a solution of sodium hy- 
droxide and pyrogallol, then divided into two currents each of which was 
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passed through a set of absorption bulbs connected with one of the U-tubes 
of the Salm cell The set of bulbs connected with the standard phosphate 
TJ-tube was filled with the phosphate solution and that before the fecal 
extract was filled with 4- Na.SO* solution In this manner pronounced 
changes m the concentration of the solutions under ex amina tion were pre- 
vented The two streams of hydrogen as they came from the concentration 
cells were umted bj a Y-tube attached to a bulb containing about 5 mm of 
mercurj , thus insuring an equal pressure of hydrogen in each cell The 
cells were kept in a room free from drafts and readings were taken at room 
temperature The procedure after making the extraction was as follows 
the phosphate solution was placed m one U-tube and an equal amount of 
feces extract in the other, the lower end of each tube was closed and hydro- 
gen permitted to pass through the solution for at least three hours At 
the end of this time the two cells were connected by means of the bent tube 
containing the saturated solution of Na.SO ( and the readings taken 
Blank tests were made upon the sodium sulphate solution and the phos- 
phate solution The results showed them to have practically the same po- 
tential, the readings varying between 0 0 and 0 003 volts m a series of five 
different tests To proi e that no change m the extract occurred upon stand- 
ing at room temperature, solutions were permitted to stand for six hours 
after the readings were taken The results upon these solutions showed no 
change in the hj drogen ion concentration 

DISCUSSION 

The concentrations of hydrogen ion, are contained in Table I, 
p 135, and Table II, p 136, and are expressed m moles per kter 

A consideration of the data from the two water drinking experi- 
ments upon subjects C and V, Table I, p 135, indicates a hydrogen 
ion concentration or "true acidity” of between 0 3 X 10 -8 and 
1 0 X 10~ s , which represents a shghth alkaline solution 

In the case of subject V with the exception of the high value, 
7 IX 10~ 3 , the average hydrogen ion concentration for the period 
of moderate water drinking w as 1 3 X 10~ 8 Upon return to the 
normal diet this value dropped to an average hydrogen ion con- 
centration of 0 93 X 10~ s which is a rather high value since for 
four dajs the hydrogen ion concentration averaged 0 57 X 10- 3 
and only upon the fifth or last daj was there a significant change 
in the concentration As the result of the ingestion of large 
amounts of w ater with meals the hj drogen ion concentration in- 
creased verj shghth to an average of I 06 X 10~ s Neglecting 
the high value, how e\ er, for the second daj of the period we obtain 
in average of 0 72 X 10~ 8 Upon the return to the normal diet- 
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ary conditions we do not observe any distinct change m the hydro- 
gen ion concentration, the final average being 0 89 X 10 -8 
The hydrogen ion concentration of the feces obtained from sub- 
ject C did not vary to any great extent during the course of am 
particular period The greatest fluctuation occurred during the 
period of moderate water drinking, being between 0 15 X 10~ 8 
and 2 0 X 10~ 8 moles of hydrogen ion per liter The average for 
the period was 0 90 X 10~ 8 Upon the return to the normal 
diet we find a lower value, the average being 0 30 X 10~ 8 The 
hydrogen ion concentration increased under the influence of the 
ingestion of large quantities of water with meals to a value of 0 59 
X 10~ 8 and subsequently decreased to 0 33 X 10~ 8 , when the 
normal diet was again resumed This final value is a practical 
duplication of the value obtained in the other normal period 
The results obtained from subject V do not indicate conclusive 
changes in the hydrogen ion concentration of the feces due to the 
influence of water drinking since there are pronounced isolated 
variations in the hydrogen ion concentration If these variations 
in the hydrogen ion concentration be omitted and we compare 
the average values for this experiment with those obtained from 
subject C we secure results which indicate that there was a slightly 
increased hydrogen ion concentration as the result of the ingestion 
of increased amounts of water with meals 
The increase was more pronounced during the early days of the 
period in each instance 

A comparison of the hydrogen ion concentrations of the feces 
of the normal period of subject E when taken into consideration in 
connection with the data obtained from the examination of the 
stools of the other subjects will be of interest inasmuch as they 
were ingesting similar diets An examination of the data discloses 
the fact that the reaction varied mth the individual The water 
content did not seem to have any direct relation to the hydrogen 
ion concentration This is shown very clearly from the fact that 
the stools of subject E yielded the maximum hydrogen ion con- 
centrations whereas those of subject C yielded the minimum, not- 
withstanding the fact that the moisture values for the stools of 
,* the two subjects were very similar 

The uniformly slightly alkaline stools obtained in this experiment 
during the period of normal feeding were to have been expected 
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from the results of the findings of previous experimenters who 
have shown that an alkaline stool results from the ingestion of a 
milk (cow’s) diet 33 

Indicator papers were used by us to deter m ine the acidity of the 
fecal extracts and while they give a rough estimate of the hydro- 
gen ion concentration the results were not sufficiently accurate 
to show any distinction between the acidity of the individual 
stools although as the data obtained from the use of the hi drogen 
electrode show, there was a distinct difference between the stools 
of different men 

The data from the fasting test gn e us information regarding the 
influence of pronounced variations in the dietary r6gime upon the 
reaction of the feces Even when the subject passed m succession 
through periods of high protem feedmg, of fasting and of subse- 
quent lou and high protem feedmg, the reaction remained uni- 
formly alkaline and with but comparatively small variations The 
two fasting stools whose hydrogen ion concentrations were 1 4 
X 10~ 8 and 0 94 X 10~ 8 which would be acid to phenolphthalem 
and alkaline to litmus, are to be considered as alkaline This 
finding of an alkaline reaction m fasting feces is opposed to the 
finding of Muller 3 * who states that the fasting feces from Cetti 
v ere acid m reaction Schmidt and Strasburger 40 also report the 
acid reaction of fasting feces which they ascribe to the presence of 
fatty acids No reference is given as to the source of then infor- 
mation 

summakt 

The hydrogen ion concentration of the feces of three men was 
determined, two in a senes of water drinking experiments and the 
third in a fasting test, with the accompanying preliminary and 
final penods The same type of diet was employed m the water 
experiments and m the preliminary and post-fasting penods of the 
fasting test The hydrogen electrode (Salm type) was used to 
determine the actual hydrogen ion concentration and indicator 
papers were used to determine the approximate hy drogen ion con- 
centration 

" (Blauberg, Hellstrom, Langstem, Schlossmann, 3 Muller) Loc at 

" Muller Loc at 

“ Schmidt and Strasburger Loc cii , p 107 
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The reaction of the feces was uniformly alkaline, the hydrogen 
ion concentration varying between 0 15 X 10~ 8 and 9 8 X 10 -8 
As the result of water drinking with meals there was a tendencj 
for the hydrogen ion concentration to increase Pronounced 
changes in the dietary rdgime, such as high protein, low protein 
and fasting did not affect the hydrogen ion concentration of the 
feces sufficiently to cause other than small variations m the uni- 
formly alkaline reaction As the result of fasting, the stools were 
alkaline m reaction (hydrogen ion concentrations of 1 4 X 10" s 
and 0 94 X 10~ s ) as opposed to the acid stools reported bj pre- 
vious investigators The hydrogen ion concentration differs for 
the feces of different individuals living on the same diet 
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Anyone who has given serious thought to the metabolism of 
the fats must have been impressed by the cumbrousness of the 
accepted theory of fat absorption as well as by the gaps m our 
knowledge of what happens to the fats after they enter the blood 
stream Unless we assume some sort of protectne mechanism, 
which allows only such fatty substances as admit both of easy 
emulsification and saponification to pass into the blood stream, 
it is hard to understand why it should be necessary for a fat to 
be broken down into its component parts to pass through one side 
of an intestinal cell, only to be immediately resynthesized on pas- 
sage through the other side of the same cell With the idea of 
getting additional evidence for or against the accepted theory' of 
fat absorption, and to obtain some information with regard to fat 
transportation m the blood stream, a fatty compound was sought 
which had some characteristic phy sical or chemical property which 
would enable it to be traced through the processes of absorption 
and transportation Attention was first turned to the possibili- 
ties of an optically actn e fat Theoretically', as has been noted 
by set eral writers , 1 and as may be seen from the following formulas 


CH OR 
[ 

CH OR, 

CH ORi 
j 

CH OR, 

1 

CHOR- 

| 

| 

CHOR, 

| 

1 

CHOR* 

i 

CHOR, 

[ 

CH OR, 

1 

CH,OR. 

| 

CH OR* 

1 

CH,OR 

1 For discussion, see 
Fats and ITaxcs, 4th ed 

Lewhowitsch 
, i, pp S-13 
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an optically active fat is possible, but though many attempts liau 
been made to prepare such a compound either from natural fate, 
or synthetically, so far none has been successful Mixed esters, 
such as fulfil the conditions for optical activity are said to occur 
very frequently m natural fats, m fact Khmont 2 claims that most 
fats contain large amounts of mixed esters of this nature Natural 
fats show optical activity occasionally, but this has been shown 
to be due, m all cases, either to accidental constituents, such as 
colors, or lipoid substances, or to the occurrence in the compounds 
of optically active acids, and never to molecular arrangement 
Grun, whose name is most closely connected with the synthetic 
fats has prepared various types of glycerides, 3 and has examined 
them for optical activity, but has not recorded any which show it 
Our efforts m this direction were confined to the examination of 
cocoa-butter, which was said to consist largely of mixed esters, 4 
some of which should be optically active Since the fat itself 
has no optical activity, if optically active glycerides are present 
they must be there m the racemic form The attempt was made 
to resolve these into the active components by the use of various 
fat-splitting enzymes, by means of which Neuberg 5 has been able 
to resolve some similar compounds Although an occasional 
fatty residue was obtained which showed optical activity, boiling 
with bone-black m benzol caused it to disappear, thus showing 
that the activity was not due to the fat but probably to some color- 
ing matter The matter was dropped at this point for a time, and 
attention was next directed to the possibilities of a compound of a 
carbohydrate with a fatty acid The mterest m a compound of 
this sort is much increased bj r the relationship which has been 
repeatedly shown to exist between the carbohydrates and fats m 
metabolism, and which has been crystallized m the statement that 
“fats can burn only m the fire of the carbohydrates ” Without 
going m detail into this question it is well known that m condi- 
tions where carbohydrate is withheld from the metabolism, as for 
instance m diabetes mellitus, starvation, etc , unburned residues 
of the fatty acid molecule — /3-oxybutyric, acetoacetic acids and 

2 Khmont Monatsh f Chem , xxx, pp 341 -46 

3 Grun Ber d deutsch chem Gesellsch , xxxvni, p 2285 

4 Khmont Monatsh f Chem , xxm, p 51 

5 Neuberg and Rosenberg Biochem Zcitschr , via, p 19 1 
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acetone, — appear m the urine, and that these maj be caused to 
disappear (except in those cases -where carbohydrate intolerance 
is extreme) by feeding a little carbohydrate 

With these ideas m mind it was decided to attempt the synthe- 
sis and physiological study of some compounds of this nature 
No method of synthesis being available which would guarantee 
the easy preparation of such large amounts of carbohydrate esters 
as would be required for a physiological study, it was decided to 
make a preliminary study using the hexatomic alcohol mannite, 
which is physiologically interchangeable with glucose, 6 and which, 
because of its relatively stable nature lends itself readily to syn- 
thesis 

An account of the method of synthesis and the preparation 
and description of one compound — mannid distearate — has been 
already reported m this journal, 7 but a brief outline will not be 
out of place here Mannite was dissolved in excess of concen- 
trated sulphunc acid at 70°C , the stearic acid added and the mix- 
ture kept at 70° for three to four hours The cooled mixture was 
extracted directly with ether and after washing the ethereal solu- 
tion with water and freeing it from unused steanc acid by titration 
with alkali and filtering off the soap, the ether was removed by 
distillation The compounds were purified by repeated fractiona- 
tion with alcohol By this method there was obtained along with 
the mannid distearate a considerable amount of ethyl stearate 
formed by interaction of the ether and steanc acid in presence of 
concentrated sulphunc acid and also varying amounts of another 
mannite ester x, hich, being only slightly soluble m the ether, floated 
suspended m it 

The charactenstics of the mannid distearate are briefly as fol- 
lows It is pure white, semi-translucent, bnttle and amorphous, 
insoluble m water, slightly soluble in cold methjl and ethjl alco- 
hols, readily soluble m them hot, soluble m cold ether, benzol and 
chloroform, heavier than water Its melting point is 51° C The 
optical actmtj m about 7 per cent solution m benzol is [«]“ = + 
64 9° Its steanc acid content is 84 8 per cent (theoretical 83 8 per 
cent, and its molecular weight determined cryscopically m benzol 

* Katz P finger's Archie, \xx\ 

1 Bloor This Journal, vn, p 427 
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was found to be 706 (theoretical 678) Ultimate analysis yielded 
the following figures 

(1) 0 1456 gram of ester yielded 0 1499 gram H;0 and 0 3940 gram CO 

(2) 0 1575 gram of ester yielded 0 1587 gram H 2 0 and 0 4270 gram CO, 

Calculated for 
Mannld Dl3tearate 

c 74 04 

H 11 50 

Mannitan ch stearate 

A sufficient quantity of the second mannite compound mentioned 
above, which was almost insoluble in cold ether, having been 
collected, its examination was undertaken It was purified by 
many crystallizations from hot alcohol m which it is soluble and 
from which it separates on cooling m globules of microscopic 
needles It is much less soluble in ordinary organic solvents than 
manrud distearate It is very slightly soluble m cold alcohol, 
chloroform or benzol and while considerably more soluble m these 
solvents when hot it reaches only about 5 per cent m its best sol- 
vent — hot chloroform Its melting point is 124° C (uncorrected) 
when the cystals are used, but when cooled and remelted its 
melting point is 116 5° C 

Rotation It is weakly dextro-rotatory The determination of 
its optical activity is a matter of considerable difficulty because 
of its slight solubility and low rotating power Two grams of 
the substance were dissolved in 50 cc of chloroform at 50° C and 
the reading was made m a water-jacketed, 1 dm tube at this 
temperature The average reading for this solution was +0 32 , 
from which [a]p =+80° 

This figure is only approximate, first, because of the volatility 
of the solvent at this temperature, and second, because, although 
tried several times, an entirely clear solution was never obtained 

Mannitan distearate saponifies readily with alcoholic alkali and, 
after removal of the fatty acid, the solution on evaporation yields 
a syrupy liquid from which crystals of mannite separate on 
standing for a short time — much more readily than from the 
syrup obtained from mannid distearate 


Found 

i n 

73 80 73 97 

11 43 11 20 
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Saponification On saponification and separation of the pure 
fatty acid as described for manmd distearate, the results were as 
follows 

(1) 1 1467 grams of ester yielded 0 9341 gram steanc acid = 81 45 per cent 

(2) 1 1132 grams of ester yielded 0 9009 gram steanc acid = 80 91 per cent 

(3) 1 0080 grams of ester yielded 0 8229 gram steanc acid = 81 64 per cent 

Calculated value for manmtan distearate = 81 62 per cent 

Combustion 0 1700 gram ester gave 0 1692 gram HjOandO 4536 gram CO. 

0 1528 gram ester gav e 0 1613 gram H-0 and 0 4049 gram CO; 

Calculated for 

Mannltan Dlateaiate Found 

1 n AVEBACE 

C 72 41 72 76 72 26 72 51 

H 11 49 11 06 11 72 11 44 

Molecular Weight determination bv elevation of boiling point of chloro- 
form 

(1) 0 4525 gram of substance in 29 43 grams chloroform gave an elevation 
of 0 0S0° 

(2) 0 5517 gram of substance in 29 46 grams chloroform gav e an eleva- 
tion of 0 097° 

Calculated for 

Mannltan Distearate Found 

1 ir 

Molecular W eight 696 704 706 6 

The results of the analyses indicate that the substance is man- 
uitan distearate and therefore closely related to manmd dis- 
tearate, — apparently a hydrated derivative of it The relation- 
ship appeared still more definite when it was discovered that by 
heating manmtan distearate to 200° for a short time a substance 
was obtained which had the same chemical composition as the 
manmd distearate, and m a general way the same properties 
It was for a time considered to be identical with it, but a closer 
examination revealed marked differences and showed the sub- 
stances were isomeric 

The Isomenc Manmd Distearate 

Ten grams of pure manmtan distearate were heated at 200° C 
in an air bath until the bubbles bad ceased to come off and the 
colorless liquid had assumed the brown tint of incipient decom- 
position On cooling, the liquid solidified to a light brown trans- 
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parent solid It was dissolved m benzol, treated with bone black, 
filtered, the benzol removed by evaporation and the substance 
purified by many precipitations from hot alcohol The fused solid 
is pure white, waxy and amorphous Melting point, 61 5° C (uncor- 
reeted) It is readily soluble m cold ether, benzol or chloroform, 
slightly soluble m cold alcohol, readily soluble m hot alcohol, 
from which latter it separates on cooling in non-crystalline spheres 
Like mannid distearate it is somewhat volatile with heat 

Rotation It is strongly dextrorotatory Determinations made 
in benzol resulted as follows 

(1) 0 8536 gram in 10 cc benzol m 1 dm tube, rotation = +8 00° 

(2) 0 5740 gram in 10 cc benzol m 1 dm tube, rotation = +5 37° 

m: - $+!» L Avera|!e - + 93 «° 

Combustion 0 1620 gram yielded 0 1687 gram H»0 and 0 4420 grnm CO 

Calculated Found 

C 74 04 74 38 

H 11 50 11 56 

Molecular Weight detci initiation by elevation of boiling point of chloro- 
form 0 5242 gram m 29 66 grams chloroform gave an elevation of 0 09S° 

Calculated Found 

Molecular Weight , 678 666 7 

This substance is then probably an isomeric mannid distearate 
It differs from the mannid distearate first described m melting 
point, degree of optical activity and consistency It resembles it 
m solubilities and lack of crystallizing power The combined yield 
of esters by this method was about 50 per cent of the theoretical, 
calculating from the stearic acid 

In later experiments to avoid the presence of ethyl stearate, 
which causes much trouble m the isolation of the mannid distear- 
ate, the esters were salted out by pouring the sulphuric acid diges- 
tion mixture into saturated ammonium sulphate Most of the 
sulphuric acid is thus removed and the salted-out mass, after 
filtering and washing several times with saturated ammonium 
sulphate and drying, could be extracted with ether or other organic 
solvents without danger of contamination with ethyl stearate 
When treated m this way, in the presence of excess of water only 
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manmtan distearate nas obtained 8 Yield— about the same as 

before . 

At the present time not enough is known. of the chemistry of 
the manmte compounds to warrant the assignment of definite 
structural formulas to the stearates Glj cerrn when treated with 
the fatty acids in solution in concentrated sulphuric acid forms only 
the a-a-diacid ester, the acid uniting with the primary alcohol 
groups alone 8 Since only the diacid esters of manmte are formed 
under the same conditions it is reasonable to assume that the 
combination takes place also at the primary alcoholic end groups 
In the sulphuric acid synthesis, manm te loses water from its 
hjdroxyl groups with the formation of anhydrides manmtan 
(loss of 1 molecule of water) and mannid (loss of two molecules of 


takes part 

m the anhjdnd formation 

The reactions 

represented 

as follows 


Formation of manmtan distearate 




Manmtan 

Manmte 

Stearic acid 

distearate 

CHiOH 

1 

+ HOOC Ci Ho 

CHjOOC CnHjs 

1 

1 

CHOH 


1 

CH V 

i 


1 >0 

CHOH 


CH^ 

1 

= 

1 + 

CHOH 

1 


CHOH 

1 

CHOH 

1 


j 

CHOH 

1 

CHjOH 

+ HOOC CijHs 

j 

CH OOC CnH« 


* It had been observed in the preparation of mannid distearate that the 
amounts of this ester and of the manmtan distearate varied considerahlj 
in different preparations, and the variation was reciprocal, t e , when the 
amount of manmtan distearate was great, that of mannid distearate was 
small, and vice-versa The explanation of the variation and of the absence 
of mannid distearate in the abov e preparation seems to be that when the 
sulphuric acid mixture is poured into the salt solution, the excess of water 
present completelv hjdrolises the mannid distearate to the manmtan form, 
while v. hen the esters are extracted from the sulphuric acid mixture directly 
with ether, the change takes place to onl\ a limited degree, owing to the 
small amount of water present 
* Griln hoc cil 
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Formation of mannid dislcaraie 
CHjOH + HOOC CuHy 
CHOH 

I 

CHOH 

I 

CHOH 

I 

CHOH 

1 

CH 2 OH + HOOC C 17 H M 


Mannid distearate 
CHjOOC Cj?Hjj 



+ 4HjO 


CH 2 OOC C i 7 H« 


Formation of isonianmd dislearatc by healing mannid dislearalc 

Isomanmd distearate 

CH 2 OOC CjtHss CHjOOC C h H« 



CHOH 


CHOH 



+ H2O 


CHoOOC C 17 H m 


CII,OOC C 17 H j5 


A closer study of the reaction was now undertaken with the 
object of improving the yield The reaction mixture left after 
extraction of the esters was first examined It was diluted with 
water and treated with powdered barium carbonate and hydrate 
until the sulphuric acid was removed, filtered, the precipitate of 
barium sulphate and carbonate washed with cold water, the fil- 
trate and washings carefully neutralized and evaporated to small 
bulk A considerable amount of a compound identified as the 
barium salt of ethyl sulphuric acid (derived from the ester) was 
recovered from the residues, but never any mannite compounds 
This was remarkable, since according to the amount of esters 
obtained about 60 per cent of the mannite should have been present 
m the residues 

The reactions which take place when mannite is treated with 
concentrated sulphuric acid at different temperatures w r ere next 
studied This work has proved to be unexpectedly complicated 
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and, as it is still incomplete, a full report -will be reserved for a 
later publication The following facts are fairly well established 
When manmte is dissolved in concentrated sulphuric acid at tem- 
peratures below 50° C , there is formed mannitan- (and possibly 
manmte-) disulphuric acid ester At temperatures over 50° C , 
manmd-disulphunc acid ester is formed and, at the same time, 
there is a considerable condensation of the manmte molecules with 
the formation of a substance of the nature of a manmte ether, which 
has little or no power of forming esters The formation of this 
substance at temperatures above 50° seemed to account for the 
low yield and accordingly a number of experimental syntheses 
were con ducted at 38° to 40°, and the time increased to about twenty- 
four hours, the results of which experiments show ed a yield of 85 
per cent of the theoretical 

This modification was adopted m the preparation of most of 
the material for the digestion and feeding experiments 

The method of synthesis of mannitan distearate as finally earned 
out was as follows 

Ten grams of manmte was dissohed in 200 grams of concentrated sul- 
phuric acid warmed to 40°, 30 grams of stearic acid stirred in, the flash 
stoppered and placed in an ordinary racubatorat about 38° =±=2 The mix- 
ture was shaken from time to time until the stearic acid was completelx dis- 
sohed, and then left in the incubator over night Next daj it was poured 
m a fine stream with stirring into about a liter of cold saturated ammonium 
sulphate solution and after thorough stirring, set aside for the esters to 
separate out, after which it was filtered on a Buchner funnel and washed 
two or three times with saturated ammonium sulphate solution The fil- 
tered mass was pressed as dn as possible, then treated with hot benzol on 
a w ater bath After washing two or three times with hot water to remox e 
an> remaining sulphuric acid, the water was siphoned off and the benzol 
solution v, as allowed to cool, depositing the mannitan distearate, and retain- 
ing the excess of stearic acid m solution After filtering from the benzol 
the ester was purified as before bj precipitation from hot alcohol 

Digestion Experiments on Manmd and Mannitan Distearate wth 

Lipases 

The following lipase-contiuung materials were employed 

1 Pancreas powder from pigs’ pancreas prepared according 
to Dtetz 10 

10 Dietz ZeUschr f physiol Chcm , In, p 2S6 
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2 Glycerin extract from pigs’ pancreas prepared according to 
Kamtz 11 

3 Water extract of pancreas — made by shaking the finely 
divided, fat-free pancreas with water, leaving over-night and using 
the turbid supernatant liquid 

4 Human pancreatic juice 12 

5 Castor bean powder prepared as follows 

Large, fully ripe, castor beans were selected, the shells removed and the 
beans ground as fine as possible m a mortar The thick paste was trans- 
ferred to a wide mouthed bottle and extracted over night with a mixture of 
equal parts of alcohol and ether Next morning the alcohol-ether mixture 
was shaken up and after standing a few seconds was poured off into another 
bottle, and with it the finer portion of the bean powder, which was now 
allowed to settle out The coarse portions in the other bottle were drained, 
removed to a mortar, ground up again and returned to the bottle with the 
fine settlings from the alcohol-ether mixture A second extraction was 
made, this time with ether alone At the end of the extraction the mixture 
was well shaken and after standing a few seconds the ether was poured off, 
carrying with it in fine suspension, most of the bean powder The remainder 
was ground up, and again shaken out with ether as before Only the fine 
powder carried out m suspension in the ether was used for the work It was 
filtered free from ether, dried and kept in a tightly stoppered bottle The 
powder so prepared was very active and retained its activity undiminished 
for several months This plant lipase differs from animal lipase in that it 
works best in a weakly acid medium, It also requires the presence of 

a small amount of acid for activation 15 

The experiments were carried out in loosely stoppered test tubes 
holding about 50 cc , with the liquids saturated with chloroform, 
which according to Kikkoji’’ 4 best prevents the action of bacteria 
with the least harm to the enzymes Care was taken to obtain 
and preserve a good emulsion — the protein of the lipase prepara- 
tion serving m most cases as the emulsifying agent Parallel 
experiments were conducted, using cotton oil, both as a check on 

11 Kamtz Zeilschr f physiol Chem , xlvi, p 483 

12 Obtained through the kindness of Dr Benj R Symonds from a case 
of pancreatic fistula m the general hospital at Salem, Mass An account of 
the case is contained in the Thirty-fifth Annual Report of the Salem Hospital, 
1909, p 29 

15 Connstem, Hoyer and Wartenberg Ber d deutsch chem Gcsellsch 
xxxv, p 3988 

14 Kikkoji Zeitschr f physiol Chem . lxm, p 109 
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the activity of the enzyme and. for comparison Blank experi- 
ments on the reagents alone were earned out with each experiment, 
under exactly the same conditions, and corrections made accord- 
ingly At the end of the time allowed for digestion the tubes were 
filled with absolute alcohol, shaken to loosen the digestion mixture 
and emptied into small beakers The tubes were rinsed out with 
two tubes full of alcohol and one of ether, the washings added to 
the liquid m the beakers and the whole titrated with normal alco- 
holic alkali, using phenolphthalein as indicator The end pomt 
chosen was the first rose color which lasted for one minute 

The results of the experiments were as follows 

Mannid Distearate ( M P , 51° C ) 

With human pancreatic juice (1) Two grams mamnd distearate melted 
with 5 cc hot water and shaken until emulsified, cooled (the emulsion 
remained), mixed with 5 ce of the human pancreatic juice, again shaken, 
and kept at 37° C o\ er night 

Titration 0 75 cc * alkah correction for blank = 0 35 cc , weight of 
stearic acid set free — 0 11 gram, corresponding to 0 14 gram manmd di- 
stearate, digestion = 7 per cent 

(2) One gram of ester was treated with water as m (1) and to it added 
5 cc pancreatic juice and fifteen drops of ox bile, left over night at 37° C 

Titration 0 90cc -^-alkali correction foT blank = 0 35 cc , weight of 
steanc acid set free ! = 0 16 gram, corresponding to 0 2 gram ester, digestion 
— 20 per cent 

(3) Two grams of manmd distearate, 5 cc pancreatic juice, 5 cc water, 
ten drops 5 per cent soap solution, left over night at 37° C 

Titration 1 30 cc cc alkali correction for blank = 0 35 cc , weight 
of stearic acid set free = 0 28 gram, corresponding to 0 35 gram ester, diges- 
tion = 17 5 per cent 

(A) Experiment with cotton oil to test the actmtj of the pancreatic 
juice Two grams cotton oil, 5 cc water, 5 cc pancreatic juice The whole 
well emulsified by shaking and left over night at 37° C 

Titration 4 4 cc -£• alkali correction for blank = 0 4cc , weight of fatty 
acid as oleic acid = 1 128 grams, corresponding to 1 17gramsolem, digestion 
= 5S per cent 

(4) A mixture was prepared by melting together 2 5 grams of cotton oil 
and 5 grams of manmd distearate, in the hope that a mixture of lower melt- 
ing point would digest better Two grams of this mixture, emulsified with 
5 cc of pancreatic juice and 5 cc of water, were kept at 37° C over mght 

Titration 3 3occ -^-alkali correction for blank =0 35 cc Stearicacid = 
0 85 gram 
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Manmte Esters of Stearic Acid 


If 58 per cent of the cotton oil had digested as in (A) above there would 
be left about 0 41 gram as originating from the ester, corresponding to an 
ester value of 0 52 gram, a digestion of 28 per cent 

(5) Two grams of the same mixture with 5 cc of water and 5 cc pan- 
creatic juice, shaken to a permanent emulsion, and left overmghtat37°C 

Titration 2 7 cc alkali corrected as m (3) shows a digestion of 035 
gram of ester or 17 5 per cent 

(6) One and four-tenths grams of mixture, 5 cc of water, 5 cc of pan- 
creatic juice shaken to permanent emulsion and left overnight at 37° C 

Titration 2 0 cc ^ alkali digestion 0 252 gram of ester = 18 per cent 

Experiments 1, 2 and 3 indicate that manmd distearate is slowly 
attacked by human pancreatic juice especially m the presence of 
bile 

The results of Experiments 4, 5 and 6 are of doubtful value as 
evidence for digestion of the manmd distearate, for if the cotton 
oil were completely digested instead of the assumed 58 per cent, 
this showing would be eliminated 

Castor bean lipase (1) One gram of manmd distearate, 0 5 gram of 
castor bean powder, 4 cc w sulphuric acid, 5 cc water, shaken to a good 
emulsion (the protein of the bean is the emulsifying agent in this case) and 
let stand over night 

Titration 1 3 cc £ alkali — 0 4 cc (blank) *= 0 9 cc = 0 26 gram stearic 
acid = 0 35 gram of ester, digestion = 33 per cent 

(A) Five cubic centimeters cotton oil, 0 5 gram castor bean powder, 4 
cc xtr sulphuric acid, 5 cc water, shaken to good emulsion, let stand over 
night at 37° C 

Titration 9 0 cc — 0 4 cc (blank) = S 6 cc , ^alkali = 2 44 grams oleic 
acid = 2 54 grams olein, digestion = 55 2 per cent 

Manmd distearate digests fairly well with the castor bean lipase 


Digestion Experiments with M anmtan Distearate (M P , 124° C ) 

Manmtan distearate when freshly prepared and moist will form 
an emulsion with water which will pass through a filter while hot, 
and is permanent on cooling This material, spoken of as “ester 
suspension” throughout these experiments, was prepared from the 
crude salted out mass (see p 149) m this way After draining 
on a filter and -washing several times with water, it was stirred with 
excess of alcohol and let stand an hour or two and filtered The 
washmgwithalcoholwas repeated until the washings wereno longer 
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colored Washi ng with water was then resumed and continued 
until the washings were free from sulphates The moist substance 
so obtained, free from fatty acid and salts, was stirred into boiling 
water until 100 cc of water contained 20 grams of the ester, cal- 
culated to dry weight On coohng it was about the consistency 
of thick cream and if evaporation is prevented may be kept m this 
form for several weeks without any separation 

TPttft castor bean poicder ( A ) Test of activity of powder with cotton 
oil Forty -eight hours at room temperature (18 to 20° C) 

Four and six tenths grams (5 cc ) cotton oil, 5 cc -nr acid, 5 cc water 
shaken to good emulsion 

Titration 9 71 cc — 1 5 cc (blank) = 8 21 cc -y- alkali = 2 35 grams, 
oleic aicd => 2 47 grams olein, digestion = 53 per cent 

(1) Ten cubic centimeters of the ester suspension (containing 2 grams 
of dry ester) were mixed withO 5 gram of the bean powder, 2 cc of -nr sul- 
phuric acid + 5 cc of water Left at room temperature over night 

Titration 1 5 cc alkali — blank = 1 5 cc of alkali, no digestion 

(2) Ten cubic centimeters of the ester suspension together with 0 5 
gram castor bean powder, 2 cc -nr sulphuric acid, 4 cc water, at room tem- 
perature for twenty -eight hours 

Titration 8 6 cc ny alkali — 3 3 cc (blank) ~ 5 3 cc ys alkali, corre- 
sponding to 0 14 gram stearic acid or 0 18 gram ester , digestion = 9 per cent 

(3) Ten cubic centimeters of ester suspension, 0 5 gram castor bean 
powder, 2 cc ys sulphuric acid, 5 cc water, forty -eight hours at room 
temperature 

Titration 11 2 cc — 9 91 cc (blank) = 1 29 cc -nr alkali = 0 037 gram 
stearic acid = 0 047 gram ester, digestion = 25 per cent 

These results indicate that manmtan distearate is not saponified 
by the caster bean lipase 

With pancreas poicder {A) Test of the powder with cotton oil 0 5 
gram pancreas powder, 5 cc water, 1 cc of 0 5 per cent Na*CO, solution, 
5 cc cotton oil, forty -eight hours at 37° to 38° C 

Titration 105 6 cc — 31 9 cc (blank) = 73 7 nr alkali = 2 09 grams 
oleic acid = 2 174 grams oil , digestion = 46 per cent 

(1) 0 5 gram powder, 5 cc water, 1 cc of 0 5 per cent Xa COj, 10 cc 
ester suspension (2 grams), forty -eight hours at 37 to 3S D C 

Titration 38 1 cc - 31 8 cc (blank) = 6 3 cc nr alkali = 0 193 gram 
stearic acid = 0 24 gram ester, digestion = 12 per cent 

(2) The same amounts of material left six days 

Titration 40 9 cc - 25 00 cc (blank) = 15 90 cc nr alkali = 0 45 gram 
stearic acid = 0 56 gram ester, digestion = 28 per cent 

(3) The same mixture + 5 cc of bile left eight daxs at 37 to 38° C 



154 


Mannite Esters of Stearic Acid 


Titration 77 74 cc — 30 45 cc (blank) = 47 29 cc alkali = 1 33 
grams stearic acid = 1 69 grams ester, digestion = 84 per cent 

Manmtan distearate is therefore slowly attacked by the enzyme 
contained m pancreas powder 

Glycerin suspension of pancreas (A) Preliminary test of glycerin extract 
with cotton oil Ten cubic centimeters cotton oil neutralized with 4 5 cc 
xa- alkali (previously determined as advised by ICanitz) 15 5 cc glycerin 
suspension of pancreas, forty-eight hours at 37 to 38° C 

Titration 226 5 cc — 37 74 cc (blank) = 188 76 cc alkali = 5 36grams 
oleic acid = 5 57 grams olein, digestion = 60 per cent 

(1) Ten cubic centimeters ester suspension (2 grams), 2 cc of xx alkali, 
5 cc glycerin extract Forty-eight hours at 37 to 38° C 

Titration 52 56 cc —35 58 cc (blank) = 16 98 cc x^ alkali = 0 482 gram 
stearic acid = 0 61 gram ester, digestion = 30 per cent 

(2) Ten cubic centimeter ester suspension, 5 cc glycerin extract, 5 cc 
ox bile, forty-eight hours at 37 to 38° C 

Titration 56 15 cc — 39 16 cc (blank) = 16 99 xn- alkali = 0 482 gram 
stearic acid = 0 61 gram ester, digestion = 30 per cent 

The manmtan ester digests about one-half as well as cotton oil 
with glycenn extract of pancreas 

Water extract of pancreas ( A ) Testing with cotton oil Five cubic 
centimeters water extract, 5 cc cotton oil, 5 cc xs- NajCCb forty hours at 
37 to 38° C 

Titration 9 04 cc - 2 98 cc (blank) = 6 06 cc alkali = 1 71 grams oleic 
acid = 1 78 grams olein, digestion = 39 per cent 

(1) Ten cubic centimeters water extract of pancreas, 10 cc ester sus- 
pension + 10 cc h Na 2 C0 3 five days at 37 to 38° C 

Titration 3 SI cc — 2 98 cc (blank) = 0 83 cc £ alkali = 0 24 gram 
stearic acid = 0 30 gram ester, digestion = 15 per cent 
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The results of the digestion experiments are summarized below 


Manmd dxsiearate 
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CONCLUSIONS 

1 Manrud distearate shows, with human pancreatic juice, a 
digestibility of about one-third that of cotton oil, with castor bean 
lipase about one-half that of cotton oil 

2 Manmtan distearate does not seem to be attacked by the 
lipase of the castor bean, but with the various pancreas prepara- 
tions, a digestibility of from one-fourth to one-half that of cotton 
oil was obtained 


FEEDING EXPERIMENTS 

Feeding experiments were made only with the manmtan distear- 
ate, since it alone could be easily prepared pure and m large quan- 
tity 

No attempt was made to feed the crystallized ester alone, since 
it has been conclusively shown that even m the case of normal food 
fats, those of high melting point (as for instance tnstearm) are 
utilized with great difficulty when fed by themselves, but when 
dissolved m the liquid fats they are well utilized by the ammnl 
organism 16 

For this reason the manmtan ester was fed (1) as the “ester 
suspension” used for most of the preliminary digestion work with 
the pancreas derivatives, and which for these feeding experiments 
was made thicker so as not to make the food too liquid, and (2) 
dissolved m cotton seed oil Mixtures with cotton oil containing 
different amounts of the ester and varying m consistency from soft 
lard to hard tallow were used The crude ester was prepared as 
described on p 149 and the actual amount of ester m the sample 
fed was determined m each case by precipitation from hot alcohol 
and weighing the dried precipitate The animals experimented 
on were cats which were prepared for the experiment by starving 
for two days before the feeding 

In most cases bone ash was given with the food, both to mark 
the feeding periods and to ensure well formed feces, but to make 
sure that all the undigested ester was recovered, the feces were 
collected from the time of feeding till one day after the bone ash 
had passed The combined feces were ground in a mortar, then 


16 Arnschmk Zeitschr f Biol , wvi, p 434 
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extracted three or four times with boiling alcohol, which removed 
all but traces of the undigested ester The alcoholic extracts were 
allowed to stand over mght, the precipitate collected on a weighed 
filter, washed with cold alcohol, dried and weighed Manmtan 
distearate, as noted on p 144 is practically insoluble m cold alco- 
hol, so that this simple procedure gives sufficiently accurate results 

Experiment 1 Young cat, weight 1 kilo, fed 40 grams of a mixture con- 
sisting of 22 grains hashed lean meat, 30 cc of the ester suspension, (contain- 
ing 2 44 grams of ester) and 6 grams bone ash 

Weight of ester fed = 1 70 grams, recovered from feces = 1 58 grams, 
retained 0 12 gram, or 7 per cent 

The ester suspension is not well utilized and the other experi- 
ments were made with the ester dissolved in cotton seed oil 

Experiment 2 The same cat fed the whole of a mixture consisting of 
3 5 grams ester melted with 3 grams of cotton oil (yielding a tallow-like 
product), 12 7 grams of hashed lean meat, 3 grams bone ash and 1 cc of 
blood (to increase the palatabilitj ) 

Weight of ester fed = 35 grams, recovered from feces = 2 04 grams, 
retained 1 46 grams, or 41 7 per cent 

Experiment 3 A full grown male cat, weight 3 5 kilos was fed 64 5 
grams of a mixture consisting of 3 8 grams of ester dissolved in 10 cc of 
cotton oil (the solution when cold had the consistency of soft lard and melted 
readily m the fingers), 50 grams hashed lean meat, 10 grams bone ash, 3 
grams blood— in all 76 8 grams 

Ester fed = 3 16 grams, recovered from feces = 2 00 grams retained 
1 16 grams, or 36 7 per cent 

Experiment 4 Prolonged feeding of ester, using the same cat as in 
Experiment 3 

In this experiment the ester was fed to the cat every da> for six dajs 
Feces were collected dailj at 10 a m and the amount of unused ester deter- 
mined To find out whether the bone ash had anj effect on the amount of 
ester absorbed it v\as omitted on certain dajs As maj be seen from the 
results, the bone ash seemed to aid absorption, since the bone ash feces con- 
tained ns a rule less ester than the others Aside from the bone ash, the 
food was the same even daj and consisted of 3 8 grams of ester m 5 grams 
cotton oil, 50 grams hashed lean meat, 4 cc of blood and on the dajs wheD 
it was fed 6 grams of bone ash 

First day — Fed as above with bone ash 

Second day — No bone ash 

Feces collected weighed 30grams containing I 9 grams of unabsorbed 
ester 

Ester retained 1 9 grams 
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Third day — 6 grams bone ash 

Feces collected neighed 22 4 grains containing 1 69 grams of unab- 
sorbed ester 

Ester retained 2 11 grams 

Fourth day — No bone ash 

Feces collected — 14 5 grams, contained 2 27 grams of ester 

Ester retained ] 53 grams 

Fifth day — No bone ash 

Feces collected 16 5 grams contained 1 90 grams of ester 

Ester retained 1 9 grams 

Sixth day — Bone ash in feed Last feeding day No defecation 
Seventh day — Feces not collected until next day 
Eighth day — Feces collected, weight 35 6 grams containing 3 9 grams 
esters 

Ester retained from two days feeding, 3.7 grams 
Ninth day — Feces collected, weight 13 grams 

Contained no ester, therefore elimination is completed 
To recover any ester which may not have been previouslj extracted, 
the extracted feces were combined and boiled out several times with small 
portions of alcohol The extracts were combined cooled and the preci- 
pitates weighed There was recovered in this way a total of 1 5 grams of 
ester from the week’s feces 

The balance for the six days was as follows 


Total ester fed = 6X38 grams 
Total ester recovered 
Total ester absorbed 


22 S grams 
13 16 grams 
9 64 grams 
= 42 3 per cent 


Experiment 5 To determine what becomes of a large amount of ester 
fed at one time, the same cat as in Experiment 4 was fed a mixture consist- 
ing of 10 6 grams of ester dissolved m cotton oil together wuth 70 grams lean 
meat, 6 grams bone ash and 3 cc of blood 

The feces were collected from the time of feeding until one day after the 
passage of the bone ash, the whole ground m a mortar and extracted sex- 
eral times with hot alcohol as usual 

Grams 

Weight of ester fed 10 6 

Ester recovered from feces 4 92 


Retained 


5 68 

or 53 6 per cent 
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Results of feeding experiments with manmtan distearatc 

Per cent 

(1) Ester suspension absorbed 7 

(2) Solution in cotton oil absorbed 41 7 

(3) Solution m cotton oil absorbed 36 7 

(4) Solution in cotton oil, week’s experiment absorbed 42 3 

(5) Solution m cotton oil Large feeding absorbed 53 6 

The results of the feedmg experiments confirm those of the diges- 
tion expe rim ents with lipase mixtures, that manmtan distearate 
is somewhat digestible The amount of digestion, even under the 
ideal conditions in the intestinal canal is, however, only about one- 
half that of an ordinary fat, a fact nhich may be due to several 
causes, among which are the high melting point of the ester used 
and possibly the occurrence of the egter in isomeric forms of unequal 
digestibility 17 It seems desirable before any other physiological 
experiments are undertaken to try the digestibility of some esters 
of lower fatty acids, as for instance, of launc and mynstic, which 
should give products of lower melting point Work along this 
line is now under way 

In conclusion, it is a pleasure to acknowledge indebtedness to 
Professor Fohn, of the Harvard Medical School, for direction of 
the research, and for an ever ready sympathy and help throughout 
its many difficulties 


” A suggestion made b\ Dr I K Phelps of Washington, D C , during the 
discussion following a report of this work given before the Biological sec- 
tion of the American Chemical Societj at Indianapolis, June, 1911 
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PROTEIN METABOLISM FROM THE STANDPOINT OF 
BLOOD AND TISSUE ANALYSIS 


SECOND PAPER 

THE ORIGIN AND SIGNIFICANCE OF THE AMMONIA IN THE 
PORTAL BLOOD 

Br OTTO FOLIN and W DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 
(Recerved for publication, February 1, 1912 ) 

In our last paper 1 we reported experiments which showed that 
ammo-acids are absorbed as such from the intestine and are trans- 
ported unchanged to all the different tissues of the body A num- 
mer of additional experiments have since been made, all of which 
confirm our findings as to the transport of non-protein nitrogenous 
materials from the intestine to the tissues The further discus- 
sion of this subject will be taken up in a subsequent paper This 
paper, as indicated bj the title, deals with the ongm and signi- 
ficance of the ammonia m the blood, particularly the portal blood 

The present day concepts of immediate deaminization of the 
food protein are in a large measure based on experiments by Nencki 
and Pawlow and their associates on dogs with an Eck fistula 1 
Their observation that such dogs are poisoned when given much 
meat, coupled with their discovery that the portal blood contains 
“colossal” quantities of ammonia as compared with the ammonia 
content of systemic blood, seemed to fumisb a substantial expen- 
mental basis for their theory of ammonia intoxication, as well as 
for the view that there is a large normal transformation of ammonia 
into urea in the In er The subsequent important discovery made 
by Kutscher that protein digestion is accompanied by an abun- 

1 This Journal, xi, p S7, 1912 

5 Arch f exp Path u Pharm , xxxu, p 161, 1S96, and xxxvu, p 26,1S96, 
Zcilschr f pAystol Chcm , xxv, p 449, 1S9S, xxxv, p 246, 1902 
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Origin of the Portal Ammonia 


dant ammo-acid formation fitted m perfectly with the findings of 
the St Petersburg investigators It suggested a more localized 
deaminization, with the production m the intestinal wall of the 
ammonia which is found in the portal blood 
The subject is an important one, and was naturally one of the 
first problems which we endeavored to elucidate further by means 
of our more refined analytical methods 
There is no question about the fact that portal blood normally 
does contain moie ammonia than the Systemic blood The actual 
figures for the ammonia m portal blood as well as m systemic 
blood have, however, become smaller and smaller with every im- 
provement m the technique employed for its determination The 
figures given m the experiments below show that the values which 
v e now obtain are very much Ion er than any previously recorded 
It is well known that the pancreatic digestion is accompanied 
by the formation of small amounts of ammonia Corresponding 
to this ammonia formation one would expect to find a certain 
amount of ammonia m the mesenteric vein of the small intestine 
This we have found to be the case, but we have not found that the 
ammonia is materially greater there than m the portal vein, as it 
should be if the small intestine were the sole or the chief source of 
the ammonia in the latter, on the conti ary it is sometimes even 
smaller m amount 

Turning from the mesenteric vein of the small to that of the 
large intestine we come upon an entirely different condition The 
ammonia content of this blood is invariably greater than that found 
m the portal vein, and in all the animals so far examined we have 
found it greatei than that obtained for the blood coming from the 
small intestine 

Experiment 1 Cat 33 (weight 2913 grams) had been fed with 
raw meat for two days, the last feeding being seventeen hours 
before the operation At the end of the experiment the stomach 
was found empty, the duodenum almost empty, "while the jejunum 
and ileum still contained some unabsorbed food The large intes- 
tine was well filled with feces 

The following figures were obtained for the ammonia 
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Milligram* 

I Ammonia nitrogen, per 100 cc of blood from the mesenteric 

vein of the large intestine 0 44 

II Ammonia nitrogen per 100 cc of blood from the mesenteric 

vem of the small intestine 0 05 

III Amm onia nitrogen per 100 cc of portal blood (drawn 

last) trace on b 

IV Ammonia nitrogen per 100 grams of moist feces taken from 

the upper part of the large intestine 15 0 

The ammonia in the portal blood was m this case reduced to 
almost nothing by shutting off the mesentenc blood The other 
organs, the spleen, pancreas and stomach whose blood also enters 
the portal vein contained therefore practically no ammonia This 
corresponds with the results obtained by direct determinations 
of the ammonia in the blood coming from these organs 

Experiment 2 Cat 34 (weight 1893 grams) This was a 
young animal which we had kept for twelve days on a diet of dex- 
trose and cream in order to reduce the store of non-protein mtrog- 
enous materials in the blood tissues 

The results for the ammonia m the blood are as follows 


Milligram* 

I Ammonia nitrogen per 100 cc of portal blood (drawn first) 0 13 

II Ammonia nitrogen per 100 cc of mesenteric blood from the 

large intestine 0 24 

III Ammonia nitrogen per 100 cc of mesentenc blood from 

the small intestine 0 IS 

IV Ammonia nitrogen per 100 cc of portal blood (drawn last) 0 07 
1 Ammonia mtrogen per 100 gTams of feces taken from the 

ascending colon 4 7 

/ Experiment 3 Cat 35 (\ erj large) This animal w as ob- 
) ained from Dr Cannon m an anaesthetized condition (urethane) 
He had evidently been fed very heavily (the daj before) for his 
stomach and small intestine were filled with meat and the large 
intestine was gorged with fecal matter The odor from this cat 
was unusually foul 
The analytical results are as follows 

Milligram* 

I Ammonia nitrogen per 100 cc of blood from the mesentenc 

\em of the large intestine 1 6 

II Ammonia nitrogen per 100 cc of blood from the mesentenc 

vein of the small intestine 0 77 

III Ammonia nitrogen per 100 ec of portal blood (draun 

last) 0 x 
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Experiment 4 Cat 36 (weight 3093 grams) when opened was 
found to have the stomach empty, a moderate amount of food m 
the small intestine and a small amount of feces in the large intes- 
tine 

The analyses of the blood gave the following results 

Milligrams 


I Ammonia nitrogen per 100 cc of portal blood 0 22 

II Ammonia nitrogen per 100 cc of blood from the mesenteric 

vein of the large intestine 0 44 

III Ammonia nitrogen per 100 cc of blood from the mesen- 
teric vein of the small intestine 0 41 

IV Ammonia nitrogen per 100 cc of blood from the splenic 

vein 0 05 

V Ammonia nitrogen per 100 cc of blood from the pancre- 

atic duodenal vein 0 26 

VI Ammonia nitrogen per 100 cc of carotid blood 0 03 


Experiment 5 Cat 37 (weight 1623 grams) had been abun- 
dantly fed with meat for four days, the last time twenty-four hours 
before the experiment The stomach and the small intestine were 
empty and dry, the large intestine was well packed with feces 
The blood analyses are recorded below m the same order in 
which the samples of blood were drawn 

Milligrams 

I The ammonia determination m the portal blood miscarried 

II Ammonia nitrogen per 100 cc of blood from the mesen- 
teric vein of the large intestine 0 58 

III Ammonia nitrogen per 100 cc of blood from the mesen- 
teric vein of the small intestine 0 31 

IV Ammonia nitrogen per 100 cc of carotid blood 0 07 

V Ammonia nitrogen per 100 cc of blood from the mesenteric 

vein of the large intestine (thirty minutes later than II) 0 97 

VI Ammonia nitrogen per 100 cc of blood from the splenic 

vein trace only 

Ammonia nitrogen per 100 grams of moist feces from the as- 

cendmgcolon 19 0 

Ammonia nitrogen per 100 grams of moist feces taken near the 

rectum 19 9 

The interesting point to be noted in this experiment is the un- 
mistakable rise m the ammonia content of the blood which re- 
mained stagnant m the mesenteric vem of the large intestine dur- 
ing the time (about thirty minutes) which elapsed between the 
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first and the second -withdrawal of blood from this vein One of 
the assumptions frequently advanced in explanation of failures 
to find m the blood the products which are absorbed from the 
intestine is the velocity of the blood stream That assumption 
carries with it another, namely, that the products absorbed are 
immediately and completely removed from the blood by some other 
tissue or organ, so as to prevent their accumulation Whether 
the kidney activity is or is not eliminated, this condition is not 
fulfilled either for glycocoll or for urea and for ammonia it holds 
only within certain narrow limits These limits are, however, 
easily exceeded as shown by the figures for the ammonia obtained 
m the following experiment 

Experiment 6 Cat 14 (weight 1970 grams) received in the 
ligatured small intestine 105 cc of a pancreatic self-digestion mix- 
ture containing about 0 8 gram of nitrogen, one-fifth of which con- 
sisted of ammonia 

Milligrams 

I -Fifteen minutes after the injection the ammonia nitrogen 

per 100 cc of portal blood was ‘ 4 0 

II The ammonia nitrogen per 100 cc of carotid blood taken 

about the same time was 0 4 

In our first paper we showed that glycocoll is absorbed as such, 
and we further drew the conclusion that it is not appreciably de- 
aminized while passing through the liver The following experi- 
ment shows that glycocoll is not appreciably deaminized while 
passing through walls of the small intestine 

Experiment 7 Cat 38 (weight 2896 grams) had been well 
fed on meat for some time before being taken for the experiment 
Five grams of glycocoll, dissolved m 50 cc of warm water, were 
injected into the ligatured small intestine (for anaesthetic we used 
ether and morphine) Half an hour later we began to take blood 
and obtained the following analytical results 


Mtfliflram* 

I Ammonia nitrogen per 100 cc of portal blood 0 32 

II Ammonia nitrogen per 100 cc of blood from the mesen- 
teric vein of the large intestine 0 53 

III Ammonia nitrogen per 100 cc of blood from the mesen- 
teric vein of the small intestine 0 28 

IV Ammonia nitrogen per 100 cc of carotid blood 0 03 

V Glycocoll nitrogen absorbed 238 0 



1 66 Origin of the Portal Ammonia 

Since asparagine has an amide group as well as an ammo group, 
the absorption of asparagine ought to be accompanied by an unmis- 
takable increase in the ammonia of the portal blood, and by an 
excessive amount of ammonia in the mesenteric vein of the small 
intestine if any special deaminization process is localized m the ceil 
wall of the small intestine The following experiment indicates 
clearly that to split off NH 2 groups hydrolytically is not one of the 
special functions of that tissue There is no increase in the ammo- 
nia of the portal blood and the ammonia in the mesenteric vein is 
no larger than that of the portal blood 

Experiment 8 Cat 39 (weight 1043 grams), a very young 
animal, had been well fed for three days but during the last twenty - 
four hours had i eceived no food After etherizing and taking a 
sample of normal portal blood (by way of the splenic vein and with- 
out interrupting the circulation even m the latter) we injected 5 
grams of Kahlbaum’s asparagine dissolved m 50 cc of warm water 
In order to allow the asparagine absorption to reach a high level 
we waited twenty minutes before beginning to collect blood The 
following analytical results were obtained 

Millurramt 


Asparagine nitrogen injected 1077 0 

Total nitrogen recovered 620 0 

Asparagine nitrogen absorbed 457 0 

I Ammonia nitrogen per 100 cc of portal blood before the 

injection 0 34 

II Ammonia nitiogen per 100 cc of portal blood twenty 

minutes after the injection 0 36 

III Ammonia determination m large intestine lost 

IV Ammonia nitrogen per 100 cc of blood from the mesen- 

teric vein of the small intestine twenty-four minutes 
after the injection 0 38 

V Ammonia nitrogen per 100 cc of carotid blood 0 OS 

VI Ammonia nitrogen per 100 grams of feces taken from 

the ascending colon 23 0 


The large intestine eleaily is the chief or at least the most con- 
stant source of the ammonia found m the portal blood The 
reason for this is practically self-evident The large intestine is 
the chief seat of bacterial action and as manj r of the bacteria, such 
as the B coh, rapidly produce ammonia from albuminous materials, 
especially m the absence of carbohydrates, the condition m the 
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large intestine is ideal for the production of ammonia 'Further, 
since the large intestine is practically never empty, there are always 
present the conditions for this ammonia formation, and that is 
why the a mm onia in fasting animals is often as abundant m the 
portal blood as during digestion 

The total amount of ammonia which reaches the portal blood is, 
it w ill be noted, not very large, and it is extremely unlikely that 
this ammonia is the cause of the disturbance, produced by meat 
feeding in dogs with an Eck fistula On the other hand, since this 
amm o nia is not elaborated in the walls of the intestine as a part 
of the normal animal metabolism, but clearly comes straight from 
the fecal matter m the large intestine, it is not at all strange that 
dogs with Eck fistulas do not thrive on much meat No one would 
suppose that the ammonia is the only product absorbed from that 
region The Eck fistula dogs seem to furnish the first realh defi- 
nite illustration of “autointoxication” bj way of the large intestine 
The definitely fecal breath met with m many persons with “indi- 
gestion” acquires a somewhat unpleasantly definite significance 
m this connection 

Whether this and other symptoms of indigestion are due to the 
excessive production of putrefactive decomposition products in 
the large intestine or to an unusual failure of the liver to render 
those products harmless is an open question But it looks at all 
events as if one of the most important functions of the liver is to 
dispose of the toxic materials coming from the large intestine 

As an essential part of animal metabolism the portal ammonia 
is hereby largely robbed of the peculiar interest which has been 
attached to it for the past fifteen years, and since the amount of 
ammonia m other blood is almost infinitesimal under ordinary 
normal conditions this too becomes a rather unimportant feature 
of normal metabolism The ammonia in the tissues, the ammonia 
of experimental acidosis and cert am obvious clinical applications 
remain to be m\ estigated We baa e already begun on this work, 
but some little time will necessarily elapse before we can report 
upon it 
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(Received for publication, Januarj IS, 1912 ) 
INTRODUCTION 

The course of the processes of intestinal putrefaction in the 
fasting organism has been but very little studied One of the 
earliest investigations of prime importance was made by Friedrich 
Muller in connection with one of Cetti’s fasts 1 Of course at the 
time these tests were made the output of total ethereal sulphate 
was considered to be the index of the extent of putrefaction within 
the intestine However, m the investigation under consideration 
Muller determined the output of urinary mdican as well as the 
total ethereal sulphate output "We ma) therefore follow the 
course of intestinal putrefaction It is a surprising fact that Cet- 
ti's unnes were free from mdican after the thud day of fasting 
Upon the ingestion of food subsequent to the fast the mdican was 
again present Inasmuch as juices and secretions containing pro- 
tein material are poured mto the intestine e\ en during periods of 
inanition it is surprising that no traces of mdican were detected 
m the unne subsequent to the thud fasting daj In this particu- 
lar fast the last stool from the feeding period was not passed until 
the se\enth day of the fast, a fact which would naturallj tend 
toward the absorption of increased quantities of mdol and the 
consequent augmentation of the mdican output 

1 MGller Berl llin Wochenschr , wav, p 433, 1S87, Yir choir’s Archil- , 
p 131, supplement, 1893 

l6p 
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According to Weber 2 the excretion of total ethereal sulphate 
continues during fasting but is notably decreased as has been shown 
m experiments on both Cetti and Succi 
Baumstark and Mohr 3 have offered evidence from fasting studies 
m favor of the theory that indican may be considered an index of 
intestinal putiefaction They determined that putrefactive proc- 
esses continue in the intestine of fasting animals so long as the 
fasting feces are retained m the intestine After the excretion of 
such feces, however, the urme contained no indican These inves- 
tigators argue that their observations furnish verification for the 
general belief that indol formed in the intestine is the sole source 
of the mdican content of the urme and that it does not arise from 
the cleavage of tissue protein during fasting (Folm 4 and others) 
Although the relationship between fecal mdol and urinary mdi- 
can is almost universally accepted there is occasionally' reported 
a finding which calls this relationship into question Such a 
finding has been reported by v Moraczevski, 5 who failed to show 
any relationship between the urinary mdican and the fecal mdol 
The Ehrlich reaction was found to go parallel with the mdol con- 
tent of the feces and is consequently considered a measure of pu- 
trefaction He further found that mdol was increased when a 
carbohydrate diet was fed — a finding widely at variance with our 
present theories 6 Bickel 7 has recently suggested the volatile 
fatty acid content of the feces as a measure of intestinal putrefac- 
tion 


DESCRIPTION 

The object of the investigation was to study the influence of 
fasting and the subsequent feeding of low and high protein diets 
upon the course of intestinal putrefaction The subject was a 
man (E ) weighing 76 6 kgs at the opening of the fast During 
a preliminary control period of four day s he v r as maintained upon 
the following uniform diet 600 grams graham crackers, 1350 

2 Weber Ergcb d Physiol , p 71S, 1902 

3 Baumstark and M 0 I 11 Zeilschr f exp Path v Thcr , m, p GS7, 1900 

4 Folin Anicr Journ oj Physiol , \in, p 99, 1905 

5 v Moraczevski Arch f Vcrdamtngskranl h , \iv, p 375, 190S 

6 Kendall Journ Med Research, wiv, p 411,1911 

" Bickel Arch inalad Vapp digestif, v, No 11, p 589,1911 
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grams whole milk, 75 grams butter, 150 grams peanut butter, 
1050 cc water (300 ce at meal tune and 750 cc between meals) 
This diet contained 21 86 grams of nitrogen (136 grams protein) 
and possessed an energy value approximating 6000 calones The 
subject was therefore ingesting 1 77 grams of protein and nearly 
SO calories per kilogram of body weight The fast was seven day s 
m length, the daily water ingestion being 1500 cc The subject 
had undergone a fast of similar length 8 during the previous year 
On that occasion however he passed into the fast from a protein 
plane less than two-thirds as Ingh (14 04 grams nitrogen) as that 
utilized m the present instance, 1 e , 21 86 grams The present 
fasting interval of se\ en days was followed by a low protem mter- 
v al of four days m which 5 23 grams of nitrogen was ingested per 
day and this low protem plane was m turn followed by a five-day 
period during which the original high protem diet (21 86 grams 
nitrogen) of the pre-fastmg interval was ingested 

The unne was collected m twenty -four hour samples The 
indican content of the urine was taken as the index of intestinal 
putrefaction 0 Determinations of rndican were made m duplicate 
upon each unne sample by the method of Ellmger 10 This method 
and others w hich have been suggested for the quantitative deter- 
mination of rndican has been discussed in a previous article from 
this laboratory 11 In the present instance each cubic centimeter of 
the diluted Wang solution 12 employed m the titration was found 
upon standardization to be equivalent to 0 221 mgs of indigo or 
0 424 mgs of rndican The total ethereal sulphate output was 
also determined for each day of the experiment, the method em- 
ploy ed bemg that of Folm 13 

DISCUSSION 

The experimental data obtained from the analysis of the urines 
collected during the four periods of the experiment are given m the 
table on p 172 The rndican output is there expressed m milh- 

* Howe, Mattill and Hawk Journ Amer Chem Soc ,x\x m, p 56S, 1911 

' Folm 4 mcT Journ of Phystol , mh, p 99, 1905 

10 Ellmger Zcitschr f physiol Chem , vccvm, p 192, 1903 

11 Hattrem and Hawk Arch of Ini Med , \ 11 p 610,1911 

I " artg Zcitschr f physiol Ck-m , xxv, p 409, 189S 

II Folm 4mcr of Physiol , nu, p 52, 1905 
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Indican and Ethereal Sulphates 
Subject E 


DA\ OF 
EXPERIMENT j 

VOLUME OF URINE 

TOTAL 

ETHEREAL **Oj 

INDICAN 

TOTAL ETHEREAL 30 

INDICAN 8 O 1 


Preliminary Period — 

Four Days 



| CC 

1 1 

mgs \ 

mgs 


1 

' 1200 

158 2 

42 2 

11 78 1 

2 

1 1350 

155 4 

34 1 

14 32 1 

3 

1210 

164 8 : 

61 6 

8 41 1 

4 

1150 

138 2 j 

57 7 

7 53 1 

Average 

1228 

154 2 

48 9 

9 88 1 


Fasting Period — Seven days 


1 

990 

134 9 

49 0 

8 66 1 

2 

1345 

114 5 

60 5 

5 95 1 

3 

1540 

107 9 

42 6 

7 95 1 

4 

1340 

92 3 

26 3 

11 04 1 

5 

1410 

65 2 

23 1 

8 84 1 

6 

1015 

18 6 

15 4 

3 79 1 

7 

1120 

10 6 

13 7 

2 42 1 

Average 

1251 

77 7 

32 9 

7 41 1 


Low Protein Final — 

Four days 


1 

900 

70 1 

27 7 

7 95 1 

2 

1000 

63 9 

64 9 

3 10 1 

3 

1240 

73 0 

114 1 

2 01 1 

4 

1330 

117 6 

89 6 

4 12 1 

Average 

1118 

81 2 

74 1 

3 44 1 


High Protein Final— 

Five days 


1 

970 


65 2 

5 96 1 

2 

1420 


84 4 

4 92 1 

3 

2530 


103 6 


4 

1550 

197 3 

69 3 

8 94 1 

5 

2175 

216 6 

75 3 


Average 

1729 

160 9 

79 6 

6 34 1 
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grams per day, the daily total ethereal sulphate excretion is 
expressed in milligrams of SO 3 and the relationship between 
total-SCh and mdican-S0 3 is represented by means of the ratio 
“Total-ethereal-SOs Indican-SOs ” 

Indican The average daily output of indican for the prelim- 
inary period was 48 9 mg This value is considerably lower than 
the values previously obtained for subject E in connection with 
the preliminary penods of two previous experiments H The mdi- 
can values in the instances mentioned were 69 2 mg and 67 3 
mg and were obtained preliminary to some water drinking tests 
The fasting study here reported was made several months later 
and m the interim the subject consumed rather large quantities 
of water daily For this reason the lowered indican value obtained 
previous to the fast may possess considerable significance It 
certainly indicates that there was less intestinal putrefaction and 
probably more efficient absorption These facts carry added force 
v\ hen it is found that the low mdican values were obtained during 
the feeding of a diet which contained approximately one-third 
more protein per day than m the previous instances cited The 
actual nitrogen values of the diets were 21 86 grams and 14 76 
grams 15 There was no retention of feces m either experiment 
All the associated facts mentioned above form a rather important 
verification of a conclusion reached by Hattrem and Hawk m 
connection with certain studies on water drinking, 1 e , “the drink- 
ing of copious or moderate volumes of water with meals decreases 
intestinal putrefaction as measured by the unnary mdican out- 
put ” 16 

During the fast there was a progressive decrease in the excretion 
of urinary mdican from the second day to the end of the fasting 
interval The output for the second day was 60 5 mg whereas 
that for the last day was 13 7 mg , the values for the intervening 
days being intermediate m character This pronounced decrease 
m the amount of mdican excreted during the fast was of course 
the natural outcome of the non-ingestion of food Inasmuch as 
the putrefaction processes and the consequent formation of mdol 
in the lumen of the intestine are dependent entirelv upon the pas- 

14 Hattrem and Hawk Loc 1 1 

11 Mattill and Hawk Journ -t trier Chcm Soc , rcuu, p 1999, 1911 

'* Hattrem and Hawk Loc cil 
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sage of protein material into the intestine it was to be expected 
that the withdrawal of food from the subject would result in a 
marked lowering of the indican values of the fasting urines Van- 
ous juices and secretions however, continue to be poured into the 
intestine during fasting and the protein constituents of the unab- 
sorbed portion 17 of these fluids would form a medium for the detel- 
opment and activity of the varied types of intestinal bacteria, 
among them the mdol-formers 18 For this reason even after 
prolonged fasting it is probable that there is ordinarily not a com- 
plete cessation of intestinal putrefaction This would be particu- 
laily true m case the fasting subjects drank rather large volumes of 
natei each day of the fasting interval as did subject E It has 
been demonstrated quite conclusively that water ingested in large 
amount causes an increased outpouring of both the gastric 19 and 
the panel eatic secietions 20 

It is evident fiom a consideration of the tabulated data that 
intestinal putrefaction was more pronounced m the post-fasting 
penod of low protein ingestion than m the pie-fastmg interval of 
high protein ingestion What has caused this pronounced alter- 
ation m the relation existing between the diet and the accompam- 
ing intestinal putrefaction? That retention of the feces and the 
consequent more abundant formation of mdol cannot be given 
any consideration m this connection is apparent from the fact that 
defecations occurred with signal uniformity from day to day It 
might appear therefore at first thought that absorption of the pro- 
tein constituents of the diet had been less efficient after the fast, 
thus giving the putrefactive bactena a more copious quantity of 
digestion products to utilize m the formation of mdol If this 
factor is to assist m the explanation of the high plane of the indican 
excretion which is m evidence immediately following the fast it is 
apparent that there must have been a most unusual and pronounced 
derangement of the absorptive mechanism This conclusion must 
follow from the fact that intestinal putrefaction was 50 per cent 

17 Mosenthal Proc Soc Exp Biol Med , vm, p 40, 1910 

13 Herter Bacterial Infections of the Digestive Tract, p 203 

19 Pavlov and Khizhm From Pavlov’s The Work of the Digestive Glands, 
2d Ed , p 112, 1910, Foster and Lambert Journ of Exp Med , \, P S20 
1910, Wills and Hank Proc Amer Soc Biol Chem , n, p 29, 1911 

20 Pavlov Loc cit , p 144, Hawk Arch of Ini Med , vm, p 382,1911 
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greater w hen but 5 23 grams of mtTOgen vv as passed into the gastro- 
intestinal tract than it was when 21 86 grams of nitrogen was in- 
gested 

If defective absorption is to explain the variation in the indican 
values just discussed, it w ould be logical to expect a proportionate 
increase m the total nitrogen content of the feces The data for 
fecal nitrogen 51 show that there was no such increase Data ob- 
tained from experimentation upon subject E in this and other con- 
nections seem to indicate that there is of necessity no uniform 
relationship between the urinary indican excretion and the output 
of bacteria m the feces, even when the diet of the subject is of the 
same general character m each instance- For example m the 
preliminary period of one of the experiments previously reported 
on subject E the average w eight of dry bacteria excreted per day 
was about 9 grams with an accompanying indican xalue of 67 3 
mgs , whereas in the present instance the bacterial value w as ap- 
proximately 14 grams and the indican value 48 9 mg In further 
attempting to explain the comparatively low mdiean values for the 
high protein preliminary period it may r be suggested that such 
indol as was formed was perhaps not efficiently absorbed, thus lim- 
iting the resultant mdican values The validity of this latter con- 
tention could easily r have been determined, at the time, by exam- 
ining the individual stools for mdol Unfortunately, however, 
this was not done inasmuch as the direct bearing of such observa- 
tions was not foreseen until the data cited had been obtained and 
it was then too late to hope to secure any accurate mdol data from 
the stools m question 

It is possible that the indol-fomung organisms may hav e been 
more resistant to the rigors of the fasting regime and therefore as 
the fast progressed they formed, day by T day', a progressively' in- 
creasing proportion of the intestinal flora Finally at the end of 
the fast, although the actual mass of the flora had become greatly 
decreased from the lei el of the preliminary period, the major part 
of the flora was now composed of efficient mdol-forming organ- 
isms Upon the entrance of the products of the digestion of pro- 
tein food into the intestine, although small m quantity (low pro- 
tein diet) it was nevertheless accompanied by the verv rapid and 

1 Blathcrwich and Hawk Unpublished 

15 Kendall Journ of Med Research, xxi\, p 411,1911 
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complete absoiption and detoxication of the resultant mdol 
The above series of associated factors may have had an important 
bearing upon the ultimate production of the relations existant 
between the urinary indican and the fecal bacteria 

Ethei eal Sulphate There was during the fast a close paral- 
lelism between the couise of the indican excretion and that for 
total ethei eal sulphate With the openmg of the subsequent 
feeding period, however, the uniform relation ceased For exam 
pie, upon the first day of the low protein feeding period, the output 
of ethereal sulphate was increased nearly seven-fold above the quan 
tity excreted on the last day of the fast whereas the mdican value 
was only doubled m the same interval Furthermore as the sub- 
ject passed from the low protein period to the high protein period 
his average daily ethereal sulphate value was increased about 100 
per cent whereas his average daily mdican value was but slight!} 
augmented Recent demonstrations of this lack of relationship 
have been submitted by Salant and Hmkel 23 and by Hattrem and 
Hawk 24 

When the data for the ratio between total ethereal-SCh and 
mdican-SCh are examined it is noted that there was a marked drop 
m the ratio during the closing days of the fast On the seventh 
day of fasting approximately 40 per cent of the total quantity of 
ethereal SO3 excreted in the urine was m the form of mdican-SOj 
wheieas only about 10 per cent was excreted m this form in the 
mine of the fouith fasting day It is apparent therefore that not- 
withstanding the fact that there was a close parallelism in the course 
of the excretion of mdican and the other ethereal sulphates during 
the fast nevertheless theie was a less pronounced inhibition of the 
activity of the factors intimately associated with the production 
and excretion of mdican than of those factors regulating the out- 
put of the other ethereal sulphates 

SUMMARY 

The subject of the experiment was a man weighing 76 kilos 
Intestinal putrefaction as measured by the output of urinary 
mdican was markedly decreased during the fasting interval The 

:3 Salant and Hmkel Journ of P harm and Exp Ther,J,V 493,1910 
" i Hattrem and Ha^h Loc cit 
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scv enth fasting day shoxx ed an indican excretion amounting to 13 7 
mg as against an output of 60 5 mg for the second fasting day 
During the post-fasting interval of low protein ingestion putrefac- 
tion was increased in a x ery pronounced manner, the indican x alues 
rising far above those obtained during the normal period preceding 
the fast The ax erage daily indican output was but slightly higher 
during the period of high protein ingestion than during the low 
protein period 

The indican data for the preliminary period w hen taken into 
consideration in connection with other similar data collected pre- 
vious to certain tests upon the influence of a high water ingestion 
furnish an important verification of a conclusion previously re- 
ported from this laboratory' to the effect that “The drinking of 
copious or moderate volumes of water with meals decreases intes- 
tinal putrefaction as measured by the urinary mdican output ” 

It was demonstrated that intestinal putrefaction xxas 50 per 
cent greater when but 5 23 grams of nitrogen xxas passed into the 
gastro-mtestmal tract after the fast than it xx as when 21 86 grams 
of nitrogen was mgested before the fast 
Data from this and previous experiments along similar lines made 
upon subject E seem to indicate that there is of necessity no urn- 
form relationship between the urinary mdican excretion and the 
output of bacteria m the feces, exen xxhen the diet of the subject 
is of the same general character 

The mdican value for the high protein period subsequent to the 
fast uas approximately 60 per cent higher than the mdican xalue 
for the preliminary period notwithstanding the fact that the in- 
gested diet was identical in kind and quantity' m the two instances 
On the seventh day' of fasting approximately 40 per cent of the 
total quantity of ethereal-SOj excreted m the urine xx as m the form 
of mdican-SOj xxhereas only about 10 per cent was excreted in 
this form m the urme of the fourth fasting dax 
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1 IISTBODTICTION 

The influence winch is exerted by the various proteins of blood- 
serum upon the refractive indices of their solutions was first 
sj stematically investigated by Reiss 1 This observer fractionated 
the proteins of horse and human sera m the following waj The 
globulins were precipitated bj ammonium sulphate, "Euglobuhn” 
being precipitated bj 32 to 36 per cent saturation of the serum 
with ammonium sulphate, “ Pseudoglobulin I” In 36 to 39 per 
cent saturation, and “ Pseudoglobulin II” bj 42 to 50 per cent 
saturation Each of these fractions was dissolved m distilled 
water and reprecipitated twice, the final solutions thus obtained 
being purified bj prolonged dialysis (four to six weeks) until the 
water outside the diahsor contained no trace of sulphates The 
euglobuhn fraction pro\ ed to be insoluble in distilled w ater, that 
is, it was precipitated from its solution on dialjsis For the pur- 
pose of refractometer measurements it was dissolved in a dilute 
salt solution and the refractn e indices of the globulin solution and 
of a salt solution of the same concentration w ere separately deter- 
mined The difference between the tw o refractn e indices afforded 

l E Reiss Beitr z chem Physiol u Path, iv, p 150,1903, treft / exp 
Path u Pharm , li, p IS, 1903 
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a measure of the effect of the globulin upon the refractive mde\ of 
its solution The quantity of globulin m each of the solutions 
employed was estimated by precipitation with alcohol and drying 
and weighing the precipitate thus obtamed In tins way the effect 
due to 1 per cent of each of the proteins m question can readilj be 
computed The following were the results obtamed by Reiss, 
employing solutions of the various globulins defined above 

One gram of “Euglobulm” changed the refractive index of 100 cc of 
solution by 0 00230 

One gram of “Pseudoglobulin I” changed the refractive index of 100 cc 
of solution by 0 00224 

One gram of “ Pseudoglob ubn II” changed the refractive index of 100 cc 
of solution by 0 00230 

As Reiss himself points out, the differences between these figures 
are within the experimental error of the estimate, and from his 
results we may conclude that 1 gram of anjr of the globulins of 
serum, when dissolved m 100 cc of water or dilute salt solution, 
changes the refractive index of the solvent by about 0 00230 
In a previous communication 2 I have extended and confirmed 
the results of Reiss in so far as they apply to the "Euglobulm" 
or the globulin fraction which is insoluble m distilled water I pre- 
pared euglobulm by precipitation from diluted serum with C0 2 and, 
after careful purification, dissolved carefully estimated amounts 
in measured volumes of dilute KOH In this way I found the 
value of a ( = change in the refractive index of the solvent due to 1 
gram of protein) for this protein to be 3 0 00229 =*=0 00024 

This value of a is, within the experimental error, identical mth 
that obtamed by Reiss for each of his different globulin fractions 
We may therefore assume that in all probability the value of a for 
the globulins of serum, irrespective of the mode of precipitation, 
to be that wluch I have just cited 

In measuring the value of the constant 'a for the albumins of 
blood-serum, Reiss proceeded as follows 

The filtrate obtained by half-saturating serum with ammonium 
sulphate and filtering off the precipitated globulins was acidified 

* T Brailsford Robertson This Journal, vm, p 441, 1910 
3 T Brailsford Robertson Die physikalischc Chcmic der Protcme, Dresden, 
p 323, 1912 
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by the cautious addition of * H ; S0 4 and the precipitate v.hich was 
thus produced was allowed to stand until it became crjstalhne * 
This substance after separation from the mother liquor, was 
redissolved and reciystalhzed twice and finally dissolved m dis- 
tilled ivater and dialyzed for from four to six weeks until salt-free 
The value of a for this substance ("crystalline serum-albumm”) 
proved to be 0 00201 

The mother-liquor, after the deposition of the "crystalline 
serum-albumm” contained another protein characterized as “amor- 
phous ser um albumin ” This solution was dialyzed for from four 
to six weeks and the value of a for this protein was determined as 
m the previous cases, it proved to be 0 00183 

Continuing his investigations, Reiss arrived at the remarkable 
conclusion that the specific refractivity of the mixed proteins in 
serum is actually less (0 00170 to 0 00175) than the specific refrac- 
t cities of any of the constituent proteins of the mixture, thus 
rendering it impossible to estimate from the value of a for the 
mixed proteins in blood-serum the relative proportion of globu- 
lins and albumins contained therein This appeared to me to be 
a very important conclusion, meriting further investigation, for 
the following reasons 

I have found 5 that that change in the physical and chemical 
condition of a dissolved protem which immediately precedes coag- 
ulation, and may be induced by the addition of a coagulating 
(deh} dritmg) agent to the solution, is accompanied by a decrease m 
the specific refractmty of the protem Now there is much reason 
for believing that the proteins in circulating blood or in unaltered 
blood-serum are not merely present therein in the form of a 
mixture, but m the form of a chemical complex possessing recog- 
nizably different physical and chemical properties from those of 
the constituent proteins out of which it is built up 6 It appeared 

' Hofmcister Zciischr f physiol Chcm , vav, p 163, 18S9, vn, p 1S7, 
1891, \ Gurber, Silz d physil med Ges zulVurzburg, p 143, 1891, cited 
after Schulz, Die Krystalhsation ton Etwcissstoffcn, Jena, p 13, 1901 A 
Michel Vcrh d physil tried Gcs zu 11 ii rzburg, xxiv, 3, p 28, cited after 
Schulz loc cil , p 13, H T Kneger Dissertation, Strassburg, 1899, cited 
after Schulz loc ctl , p 11 

S T Brailsford Robertson Die physikalischc Chcmieder Protnnc, Dresden, 
1912, chapters 10 and 13 

‘T Brailsford Robertson ibid , pp 126-133 
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possible that in the building up of this complex the individual 
proteins composing it might sustain a loss of refractive power and 
that the phenomenon ohsen ed by Reiss might be susceptible of 
this explanation Accordingly, the following investigations were 
undertaken 

2 experimental 

In endeavoring to measure the lefractivity of the nnxed proteins 
in blood-serum itself we are confronted with the difficulty of deter- 
mining the refractive of the solvent in which these proteins are 
dissolved, that is, the propoition of the difference between the 
i eh activity of the seium and that of distilled water wdneli is due 
to the non-pi olein constituents of serum For reasons which 
wall be referred to later, I did not consider the estimates of the 
refi activity of the non-protein constituents of blood-serum which 
were adopted by Reiss to be wholly satisfactory- Accordingly 
I prefened to assume, until further evidence should demonstrate 
that assumption to be false, that the solvent in which the proteins 
of ox-blood serum are dissolved may be regarded, for the purposes 
of refractometer measurements, as being essentially f sodium chlo- 
lide 7 As we shall see, the results of my measurements show that 
this assumption is justified 

Fresh ox-blood serum v r as prepared by whipping and centri- 
fugahzing the freshly-drawn blood 8 This serum ivas diluted with 
varying proportions of distilled waiter The refractive indices 

7 The refractive powers of dilute equivalent solutions of the chlorides 
of the mineral bases found in serum are nearly equal Since only traces of 
KCL and CaCl- are present in serum we may safely- take the refractmty of 
the saline constituents of serum to be that of NaCl In assuming that 
the refractmty of the non-protein constituents of serum is likewise identi- 
cal w'lth that of a 4 NaCl solution we are assuming that the fats, sugars, 
etc , w'hich are normally present only in small amounts in the serum denied 
from systemic blood, take only a negligible part in determining the refrtic- 
tivity of serum 

8 A source of error which may possibly invalidate some estimates of the 
concentrations of solid constituents in blood obtained from slaughter-houses 
may be pointed out here When blood is alloived to clot and the clot is 
left in the cold-chamber of a slaughter house to contract and express serum 
aery considerable evaporation may occur under the condition of dessica- 
tion which is necessarily maintained in such rooms Serum thus prepare 
may be found on analysis, to contain from 10 to 12 per cent of proteins 
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of these solutions and of distilled ■water and of r sodium chlonde 
solution were measured by means of a Pulfnch refractometer at 
about 20° C , employing a sodium flame as the source of light 
The results which were obtamed are expressed m the accom- 
panying table The \ alue of 74 ( =refractn e index of the sol- 
lent in which the serum-proteins are dissolved) is calculated upon 
the assumption that the non-protein portion of serum may be 
regarded, for the purposes of refractometer measurements, as 
being essentially “ NaCl and upon the further assumption (which 
I ha\ e expenmentalh x enfied) that the difference between the 
refractive index of a sodium chlonde solution of this or lower con- 
centrations and that of distilled water is direct!} proportional to 
the concentration of the sodium chloride solution 


TXBLE 1 


t 

n = Ri:FR \cn\E 

1 

m = refr term: 


SOLUTION 

INDEX OF 

INDEX OF 

n— n t 


SOLUTION 

SOLN ENT 


Distilled water ! 

f 

1 33410 

■ 


5 JCaCl | 

1 33567 

1 33410 

0 00157 

5 cc of serum 4- 20 cc of water 

1 33759 

1 33441 j 

0 00318 

10 cc of serum + 15 cc of water 

1 1 34139 

1 33463 

0 00666 

15 cc of serum 4- 10 cc of water 

1 1 34511 

1 33504 

0 01007 

20 ce of serum 4- 5 cc of water 

j 1 34872 

1 33536 

0 01336 

25 cc of serum 4- 0 cc of water 

i 1 35224 

1 33567 

0 01657 


Dividing each of the 1 alues of n~ tabulated abox e b} the 
number of cubic centimeters of serum in 25 cc of the corresponding 
mixture of serum and water we obtain 


TXBLE 2 


1 

SOLUTION 

1 

n— fij 

CUBIC CENTIMETERS OF SERUM 
IN 25 CC SOLUTION 

5 cc of serum 4- 20 cc of water 

0 00064 

10 cc of scrum 4- 15 cc of water 

0 00067 

15 cc of scrum 4- 10 cc of water 

1 0 00067 

20 cc of scrum 4- 5 cc of water 

' 0 00067 

25 cc of scrum 4- 0 cc of water 

0 000G6 
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From the constancy of this ratio, since, of course, each cubic 
centimeter of serum contains the same quantity of serum-protein, 
we may conclude that the value of a for the mixed serum proteins is 
independent of the dilution 

In order to determine, from these results, the absolute value of 
a for the mixed serum proteins it was only necessary to determine 
the percentage of total proteins which was contained in the serum 
under investigation This determination was performed m the 
following manner 

Two samples of the serum, measuring respectively 2 95 and 3 00 cc were 
accurately delivered, drop by drop, into a small hardened nitrogen-free 
filter-paper (5 5 cm diameter) which was at the same time kept filled with 
absolute alcohol The filters and contained protein were then washed in 
alcohol and ether and dried for two or three hours at 40° They were then 
analyzed for nitrogen by the Kjeldahl method From the quantity of 
nitrogen thus found, the percentage of protein in the original serum was 
calculated on the assumption that the mtrogen-content of the serum- 
proteins is 15 9 per cent 9 The results follow 


SAMPLE 

N IN SAMPLE 

PERCENT \.QE OF TROTEINS 
! IN SERUM 

1 

CC 

mg 

1 

2 95 

39 5 

8 4 

3 00 

41 0 

S 6 

Mean 


1 8 5±0 1 


From this result the concentration of serum-proteins in each 
of the mixtures enumerated m Table I can readily be computed 
We can compute the value of a from those of n—rii in Table I 
by adding together all of the observed values of n— ni and dividing 
this sum by the sum of the concentrations of protein m the mix- 
tures employed 10 

The possible error of this estimate may be computed if we recol- 
lect that each determination of the angle of total reflection is 

9 0 Hammarsten Arch f d gcs Physiol , wn, p 431, 18S0, E Abdcr- 
halden Zcitschr f physiol Chevi , \\\vn, p 495, 1903 

10 For the rationale of this procedure consult T Brailsford Rober son 
This Journal, vm, p 507, 1910 
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liable to an error of =*= T corresponding, for solutions of these 
refractmties, to an error of between — 0 00008 and — 0 00009 in 
the determination of n—n\ Proceeding in this way v, e find that 
for the serum proteins dissoh ed in diluted or undiluted serum the 
\ alue of a ( = change in the refractive mde\ of the solution due to 
1 per cent of protein) is 0 00195 — 0 00002 
This result, it will be observed, is very different from the above- 
cited result obtained by Reiss (a =0 00172) The value of a for 
the mixed proteins, instead of being less than that for any of its 
constituents, would appear, as might have been expected, to be 
intermediate in magnitude between the value of a ( =0 00183) for 
serum-albumin and that of a ( =0 00229) for serum globulins 
The protein-complex into which the individual proteins of 
unaltered serum would appear to be built up is decomposed by 
acids , u consequently, it appeared of importance to ascertain 
whether the refractmty of the mixed serum-protein is changed by 
the communication of an acid reaction to the serum Accordingly, 
samples of the same serum as that employed m the experiments 
cited in Table I were diluted with -jV hydrochloric acid instead of 
with distilled water About 12 5 cc of tj> acid suffice to communi- 
cate a neutral reaction to 100 cc of undiluted serum, 12 hence all 
of the mixtures of serum with rs HCI which were employed in 
these experiments were acid in reaction The values of n 2 ( refrac- 
tive index of the soh ent) are calculated in the same way as those 
in Table I, with the aid of the further assumption (the truth of 
vhich I have experimentally verified) that the change in the re- 
fractive index of u ater due to the addition of HCI is proportional, 
within the hmits of concentration considered, to the concentration 
of the HCI The following were the results obtained 


"\\ B Hard} Journ of Physiol, xxxm, p 251, 1905 (appendix), T 
Brailsford Robertson Die physikalische Chcmie der Proleine, Dresden, 1912 
pp 126-133 

1 T Brailsford Robertson This Journal, vn, p 351, 1910 
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TABLE 3 


SOLUTXO-T 


Distilled watci 
£ lVnCi 
ft HC1 

5 cc of serum + 20 cc of ft HC1 

10 cc of scrum + 15 cc of ft HC1 

15 cc of scrum + 10 cc of -nr HC1 

20 cc of serum + 5 cc of ft HC1 

25 cc of serum + 0 cc of ft HC1 


7i = HEFIt VCTI\ F 

ni = nEFRACn\E 


INDEX OF 

INDEX OF | 

n— nt 

SOLUTION 

SOL\ ENT j 

i 

1 33410 

j 


1 33567 

1 33410 , 

0 00157 

1 334S1 ] 

1 33410 

0 00071 

1 33815 

1 3349S 

0 00317 

1 34155 

1 33515 , 

0 00640 

1 34519 

1 33533 j 

0 009SG 

1 34S81 

1 33550 

0 01331 

1 35224 

1 33567 ' 

0 01G57 


Dividing each of the values of n—ni tabulated above by the num- 
ber of cubic centimeters of serum m 25 cc of the corresponding 
mixture of serum and ft acid we obtain 


TABLE 4 


SOLUTION 

rt^m __ _ 

CUBIC CENTIMETERS OF SERUM 
IN 25 CC SOLUTION 

5 cc 

of serum + 20 cc 

ft HC1 


0 00063 

10 cc 

of serum + 15 cc 

ft HC1 


0 00064 

15 cc 

of serum + 10 cc 

ft HC1 


0 00060 

20 cc 

ot serum + 5 cc 

ft HC1 


0 00067 

25 cc 

of serum + 0 cc 

ft HC1 


0 00066 


From the constancy of this ratio we may conclude that acidifi- 
cation of serum does not alter the refrachmly of the serum proteins 
Computing, from the results cited m Table 3, the value of a 
for the mixed proteins m acidified serum we obtain a = 0 00193 
=*= 0 00002, a result which is identical within the experimental 
error, with that obtained for the proteins in neutral serum 
In seeking for a reason for the discrepancj r between my results 
and those cited by Reiss the initial assumption upon which my 
estimates of a are based, namely that the non-protein constituents 
of serum may, for the purpose of refractometer measurements, be 
regarded as “ NaCl, at once suggests itself as a possible source of 
error Reiss’ estimates of the refractmty of the non-protein 
constituents of serum (0 00270 to 0 00292 m different experiments) 
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is much higher than mine (0 00157, cf Tables 1 and 3) If non- 
protem constituents other than mineral salts occur m serum m 
sufficient amounts to appreciably influence the refractmty of the 
serum, then their refractmty u ould be added to that of the pro- 
teins m my estimates and the values of a obtained above would 
be too high Accordingly, the following experiments uere under- 
taken 

Four samples of serum were taken of which the first (sample X) measured 
100 cc and the remainder (samples 2, 3 and 4) SO cc each The proteins 
from sample 1 were precipitated lmmediatelj bj the addition of 10 volumes 
of absolute alcohol To sample 2 were added 20 cc of txt HC1 and the 
proteins were then immediately precipitated bv the addition of 10 \ol umes 
of absolute alcohol To samples 3 and 4 were added 20 cc of yk acetic acid 
and -nr b} drochlonc acid, respectn elj These mixtures were allowed to 
stand at room temperature for about two hours before precipitating the pro- 
teins from them bj the addition of ten volumes of absolute alcohol 
These precipitates were washed three times m the volume of absolute 
alcohol ongmallj employed for the precipitation and then three times m 
the same \ olume of ether, the precipitates being allowed to settle after each 
washing and the supernatant fluid drawn off bj means of a syphon The 
thick suspensions of protein m ether which were finallj obtained were dried 
at 40° ov er sulphuric acid for twentj -four hours, puli enzed and sifted and 
then dried over sulphuric acid at room temperatures for over three weeks 
The solutions of these proteins in distilled water are not sufficiently 
transparent for refractometer readings On adding a little alkali, however, 
the> at once clear up, 1 per cent solutions being of a clear pale } ellow color 
Accordingly solutions were prepared in the following manner 
Three grams of each of the abov e preparations were separatelj dissolved 
in 300 cc of j’y KOH, b} first stirring up the protein with a little of the 
solv ent until it formed a paste and then adding the remainder of the solv ent 
and stirring rapidl} for about an hour One hundred cubic centimeters of 
each solution were diluted to 200 cc making 0 5 per cent solutions 
The refractive indices of these solutions were determined b} means of the 
Pulfnch refractometer at 20° C , employing a sodium flame as the source of 
light 
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TABLE 5 


60LT7TJ0V 

1 

i 

! n=REFBACTlVE INDEX 
OF SOLUTION 

! 

fl=CHAVGE IN THE RE 

fractive index or 

THE SOLVENT DCF. 

TO 1 PER CENT 

OF PROTEIN 

& KOH 

1 per cent Proteins of Sample 1 

0 5 per cent Proteins of Sample 1 

1 per cent Proteins of Sample 2 

0 5 per cent Proteins of Sample 2 

1 per cent Proteins of Sample 3 

0 5 per cent Proteins of Sample 3 

1 per cent Proteins of Sample 4 > 
0 5 pei cent Proteins of Sample 4 1 

1 33426 

1 336151 

1 33521 J 

1 33615\ 

1 33521 / 

1 33615\ 

1 33521/ 

1 3361 5 \ 

1 33521 / 

1 

0 001S9*0 00011 

0 00189*0 00011 

0 001S9*0 00011 

0 00189 * 0 00011 


The values of a enumerated in the third column of tins table 
are identical with one another and also, within the experimental 
error, identical with those determined above for the proteins m 
unaltered, diluted, or acidified serum Now from the method 
of prepaiation it is obvious that these proteins must have been 
free from appreciable non-protem contamination other than, pos- 
sibly, small amounts of inorganic bases 13 We may therefore 
conclude (1) That acidification of semm does not alter the rcfrac- 
timty of the serum proteins, (2) That the value of a for the serum pro- 
teins is 0 00195 =t 0 00002, (3) That the refractimty of the non-pro- 
tein constituents of serum may he jegaided, without introducing any 
appieciable erroi, as that of a “ sodium chloride solution, (4) Thai 
Reiss’ estimates of the refi activity of the non-protein constituents 
of semm are nearly 100 pei cent too high 

His excessive estimates of the refractivity of the non-protein 
constituents of serum are sufficient to account for the low value of 
a for the mixed proteins which was obtained bj r Reiss It is more 
difficult to assign a cause for ins excessive estimate of the refrac- 
tivity of the non-protein constituents of serum, since, m the arti- 
cles to which I have referred, he does not specifically describe 
how he arrived at this estimate Prom the contex-t 14 however, 

13 Cf T Brailsford Robertson This Journal, vn, p 351, 1910 

14 In his second paper (Arch f exp Path u Pharm , h, p 20, 1903) he 
thus describes his method of determining the value of a for the mixed pro- 
teins m horse-serum "Erne zweite Bestimmung nurde m etnas nnderer 
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it appears that he estimated the refractmty of the non-protem 
constituents of serum by removing the proteins with the aid of 
heat-coagulation and determining the refractmty of the protein- 
free fluid which was thus obtained This procedure is obviously 
open to the objection that during the heatmg of the protein solu- 
tion changes of unknown magnitude (such as hydrolyses, etc) 
may occur, leading to the formation of substances not normally 
present m serum and affecting the refractmty of the fluid Fur- 
thermore, it is - possible that m the blood-serum substances of a 
mucoid or proteose-like nature occur which are not coagidable 
by heat 15 In estimating the value of a for “amorphous serum 
alb umin ” by Reiss’ method such proteins would be present m the 
solution and the observed refractmty (since they would be pre- 
cipitable by alcohol) of “amorphous serum albumin” would, m 
reality, be the sum of the refractivities of serum albumin and the 
mucoid or proteose Such substances, however, isould not be 
coagulated by heat and then refractmty would, employing Reiss’ 
method, be estimated along with that of the non-protem constit- 
uents of serum 

I have also measured the refractmty of the serum-albumm or 
albumins m the filtrate obtained by adding an equal v olume of sat- 
urated ammonium sulphate solution to serum and filtering off the 
globulins thus precipitated In this experiment we are confronted 

Weise an Pferdeblutserum vorgenommen Eine genau abgemessene Menge 
desselben wurde auf etwa das zebnfache % erdunnt, die ausgefallenen Globu- 
hne durch abgemcssenen Zusatz von. Natnumkarbonat vneder zur Losung 
gebracht und aus den Brechungskoeffizienten des nativen und des ver- 
dunnten Serums unter Abrechnung der Lichtbrechung des zugefugten Xatn- 
umknrbonats der Verdunnungsgrad berechnet Sodann vrurde ausprobiert, 
vicmcI Essigsaurc emen bestvmmten Quantum des % erduivnten Serums 
zugesetzt wcrden musste, um das Eiweiss in der Hitze zum \olhgen Aus- 
fallcn zu bnngen Erne dementsprechend gestaltete IMischung wurde im 
zugeschmolzenen Glasrohrchen etvra 10 Minuten auf 100° erhitzt Xach 
eimgem Stehenlassen wurde das Rohrchen geoffnet und ein Tropfen der 
obenstchendcn Flussigkeit — der nur noch Spuren Eiweiss entbielt — refrak- 
tomctrisch untersucht Der Eiueissgebalt des nativen vne des v erdunnten 
Serums nurde durch Viagung (Fallen mit Alkohol, emstundiges Erhitzen 
auf S0°) bestimmt Aus den so erhaltencn Zahlen berechnete sicli der 
Vntcil des Brechungskoeffizienten Fur 1 proz Eiweiss auf 0 00175, fur die 
Is lchtciwcisskorpcr des gcsamten Serums auf 0 00292 ” 

15 Cf O Hammarsten Ergeb d Physiol , l, Abt 1, p 354, 1902 
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by the difficulty that the refractivity of serum-albumins dissolved 
m half-saturated ammonium sulphate may not necessarily be the 
same as their refractivity in distilled water or in serum, since, as 
I have shown elsewhere , 16 the refractivity of a protem, upon succes- 
sive additions of a coagulating (dehydrating) agent to its solution 
tends to diminish some time before manifest coagulation occurs 
It occurred to me, however, that if this were the case with serum- 
albumm dissolved m half-saturated ammonium sulphate, then 
the value of a should alter upon dilution of this solution and finally 
approach its value in distilled water, accordingly the following 
experiments were undertaken 

To 250 cc of fresh centrifugahzcd o\-serum were added 250 cc of satu- 
rated ammonmm sulphate solution, and the mixture was filtered through 
hardened filter paper The entire process of filtration occupied about three 
and one-half hours, the filter being changed from time to time as it became 
clogged, in ordei to secure as rapid filtration as possible and thus avoid con- 
centration of the filtrate through evaporation Samples, measuring 25, 
33 3, 50, 60 7 and 75 cc , respectively, of this filtrate were diluted to 100 cc 
by the addition of distilled water 17 It will be observed, therefore, that the 
proteins in the serum w ere diluted, in each mixture, to exactly the same 
extent as the saturated ammonium sulphate solution 

To 250 cc of distilled vatei were similarly added 250 cc of saturated 
ammonium sulphate and samples measuring 25, 33 3, 50, 66 7, and 75 cc of 
this mixture were similarly diluted to 100 cc 

The refractive indices of these serum and ammonium sulphate solutions 
were measured at 24° C inaPulfrich refractometer, employing a sodium 
flame as the source of light The following were the results obtained 


16 Cf Previous communications of this series, This Journal, also Die 
physikahsche Chemie der Proleznc,” Dresden, 1912, chapter 13 

17 It is necessary thus to specify exactly the methods of dilution em- 
ployed, on account of the volume-change which occurs on diluting strong 
ammonium-sulphate solutions 
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TABLE 6. 


SOLCTTOV 


Distilled water 
} Saturated Am SO, I 
Seralbumms dissolved' 
in above j 

£ Saturated AmiSO, 1 
Seralbumms dissoh ed [ 
in above 

\ Saturated Am SO, j 
Seralbumms dissolved 
m above 

\ Saturated Am SO, 
Seralbumms dissoh ed 
in above 

l Saturated Am SO, 
Seralbumms dissoh ed 
m above 

£ Saturated Am SO, 
Seralbumms dissoh ed 
in above 


(n— ni) y dilution or 

, THE OBIGINAL 8EHUM 


1 33364 
1 34419 

1 34553 
1 34753] 

t !° 

1 34940] | 

1 353SS 

1 35667 
1 35993 

1 36369 J 
1 36279] 1 


1 36695 
1 3709S 

1 375S1 


0 00134 — 0 0000S , 0 01072=^0 00064 
001S7 — 0 00009 j 0 01122=t0 00054 
0 00279 — 0 C0009 0 01116=4=0 00036 

0 00376=4=0 00009 0 0112S±0 0002S 

0 00416=4=0 00009 0 01110=4=0 00024 

0 004S3=4=0 00009 0 00966=4=0 00018 


The average of the first five values of the product {n — nOX dilu- 
tion of the original serum is 0 OHIO — 0 00042, all of them being 
identical within this experimental error, while the value of this 
product for the serum albumins dissolved m one-half saturated 
ammonium sulphate is considerablj less We mav, therefore 
conclude that the refraclmly of the serum albumins dissolved in 
three-eighths saturated or more dilute solutions of ammonium sulphate 
is independent of the dilution, and, consequently, that the value of a 
for serum albumins dissolved in three-eighths saturated or more dilute 
solutions of ammonium sulphate is the same as its value for serum 
albumins dissolved in distilled water or in serum 

The total refractivity of the serum albumins plus the non-pro- 
tein constituents m the ox-serum emplojed is, therefore, 0 01110 
* 0 00042 

The total refractivitj of the proteins plus the non-protein con- 
stituents in o\-serum 18 is 0 01815 =±= 0 00017 

11 Cf the value for a for the mixed proteins of serum and the value of 
n-m for “ NaCl in Table 1 
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The diffeience between these two estimates is the total refrac- 
tivity of the globulins in serum, namely 0 00705 ± 0 00030 
Hence the percentage of globulins m ox-serum 19 is 


705 ±30 
229 


= 3 1 ± 0 1 


The total concentiation of proteins in the ox-serum employed 
was, as we have seen, 8 5 ± 0 1 Hence the concentration of the 
albumins was 8 5 ± 0 1— 31 ±01 = 54±01 
The total refractivity of the serum albumin plus the non-pro- 
tem constituents of the ox-serum employed was, as we have seen 
0 01110 ± 0 00042 

Hence the total refractivity of the serum albumins alone was 
0 01110 ± 0 00042-0 00157 = 0 00953 ± 0 00042 
Hence the value of a for the serum albumins is 


0 00953 ± 0 00042 
5 4 ± 0 1 


= 0 00177 ± 0 00008 


an estimate winch is, within the experimental error, identical uith 
Reiss’ estimate of a f 01 “amoiphous serum albumin” 20 

This result is very striking, for Reiss, by adding acid to Ins 
ammonium sulphate solution of the albumins of horse-serum and 
allowing the precipitate thus produced to stand, was able to sepa- 
rate the serum albumins into turn fractions, the one, the “crystal- 
line" fraction possessing a much higher value of a ( = 0 00201) 
than the other, the “amorphous" fraction (0 00183) Yet my 
estimate of the value of a for the mixed albumins is identical with 
or even slightly low r er than Reiss’ estimate of the refractivity of 
the "amorphous” fraction 21 It tvould appear, therefore, that 
crystallizable seium-albumm does not exist m appreciable quan- 
tity in o\-seium, a conclusion which finds striking confirmation 
in the fact that ICneger 22 was unable to obtain crystalline albumin 
from ox-serum 


19 Cf estimate of a for scium-globuhns m Introduction 

20 Cf Introduction 

21 Reiss lnmself states that his preparation of “amorphous” serum albu- 
min ins probably contaminated with “crystalline” serum-albumin 

"H T Kricger Dissertation, Strassburg, 1899, cited after Maly's Jahres- 
bcricht, p 14, 1899 
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From the above data we may conclude that the percentages of 
the globulins and albumins in the ox-serum employed were as 
follows 

Total globulins 3 1*01 per cent 

Total albumins 5 4*01 per cent 

I have also determined the percentage of the “insoluble” or 
CQrprecipitable globulin (euglobuhn) m ox-serum in the following 
way 

Three samples of fresh ceatnfugalmed ox-blood serum, measuring 100 
cc each, were diluted with distilled water to 1000 cc and CO. was bubbled 
through the mixtures at a quick rate The time of passage of the COi 
was purposely varied among the three samples, the least time of passage 
being 1 hour and the longest 2 hours The precipitate of insoluble globu- 
lin which was thus produced was allowed to settle in tall glass cjlinders and 
the supernatant fluid drawn off bj means of a syphon The precipitate was 
then washed m a liter of distilled water, this w ashing was repeated 23 The 
subnatant precipitates were then dissolved b> the addition of 10 cc of 
KOH and the volumes made up in each case to 100 cc The refractive indices 
of these solutions were measured jn the usual manner with the following 
results 

TABLE 7 


SOLUTION 

n 

n—n 1 

1 

PER CENT OF GLOBULTV 

(a =0 00229) 

KOH 1 

1 33387 

] 

i 


1 1 

1 33560 

0 00173*0 OOOOS 

] 

2 

1 33560 

0 00173 * 0 OOOOS 

| 0 76*0 04 

3 , 

1 33560 

, 00 0173* 0 OOOOS 

» 

i 


Hence the percentages of the 1 anous proteins contained in the 
ox-serum emplojed were as follows 

1 The error introduced bj contamination with the other proteins of serum 
must, after this washing, bate been negligible, as maj readih be calculated 
in the follow ing waj The total rcfractu it j of the substances dissolved m 
serum is 0 01S15 The \olume of the subnatant suspensions obtained in 
the aboie processes of washing was alwajs less than 100 cc , hence after 
dilution and two washings the refractivitj of the dissohed substances in 
the fluid in which the CO globulin was suspended must haie been less than 
l/l000 of 0 01S15, that is, less than 0 00002 The experimental error in the 
determination of the refractn ltj is * 0 0000S 
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“Insoluble” globulins 0 76*0 Of 

“Solublue” globulins 2 34*0 10 

Total albumins 5 40*0 10 


Total 8 50*0 10 


3 DISCUSSION OF THE RESULTS 

The quantitative estimates, just enumerated, of the percentages 
of the various proteins of o\-serum are not in verj r good agreement 
with the analytical data published by pievious observers Neither 
do the data obtained by previous observers agree among them- 
selves 24 This is usually attributed to individual variability among 
the animals imestigated I have not as yet carried out experi- 
ments with the view to ascertaining to what extent the protein 
content of the sera of diffeient individuals of the same species 
varies when determined bj r the methods employed m this investi- 
gation, but I am inclined to think that the content of proteins in 
the sera of a given species is not nearly so variable as investiga- 
tors have been inclined to imagine Thus I have determined the 
percentage of “insoluble” globulin 111 two samples of ox-serum 
obtained at different times, and found the same percentage of 
this protein m each sample 25 I have also determined the refrac- 
tivities of the filtrates obtained from several distinct samples of 
o\-serum after one-half saturation with ammonium sulphate and 
filtering off the precipitated globulins, and I have always found the 
refractivities of these filtrates to be the same within the expen- 

zi Cf the results for human blood serum obtained bj O Hamroarsten 
and F A Hoffmann, cited by F A Hoffmann Arch f exp Path « 
Pharm , xvi, p 133, 18S3 

25 Hammarsten ( 4rc/i / d ges Physiol , \vu, p 413, 1S7S) found a much 
higher content of COa-precipitable globulin m ox-serum than I, namclj, 
from 0 S3 per cent to 1 IS per cent He also finds the quantity of globulin 
which is precipitated by dialysis considerably greater (1 13 per cent to 
1 69 per cent) than that which is precipitated bj CO. Quinan (Unit' oj 
California Publications, Pathol , 1 , p 1, 1903) on the contrary, working with 
goat-serum, finds that the percentage of protein which is precipitated b> 
dial} sis is e\actlj the same as that which is precipitable b> dilution and 
the passage of CO : Cunousl} enough, also, he found the content of CO - 
precipitable globulin in goat sera to be exacth thesame asthat which I have 
found in o\-scra, namel}, 0 76 per cent 
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mental error While nn results are not as jet sufficientlj ex- 
tended in this direction, therefore, to warrant a definite statement 
that the content of proteins m ox-sera is onlj slightly variable, yet 
thej r are such as to cast suspicion upon the 1 alichtj of the highlj 
variable figures obtained bj' other methods of determination 
The most marked deviation between mj results and those of 
other obsen ers is m the relative proportion of globulin and albu- 
mins m o\-serum According to Hammarsten (Joe cit ) globulins 
are present in ox-serum in excess of albumins in the (variable) 
proportion of 1 0 842 

The majontj of investigators haae emplojed horse or human 
sera in their experiments and, consequentlj , analytical data re- 
garding the proteins in ox-serum are not \ erj numerous Never- 
theless, tv o possible sources of the divergence betv een mj results 
and those of Hammarsten maj be tentatn elj" suggested here 
First It has been pointed out bj Porges and Spiro" 6 that 
serum obtained from blood bj the shrinkage of the clot contains 
a considerabh higher percentage of substances resembling “insol- 
uble” globulin than fresh, v hipped and centnfugahzed serum 
The origin of this globulin is not clear, but the results of Spiro 
and Porges are sufficient to indicate that data obtained with serum 
slovlj expressed from clotted blood are not to be relied upon as 
indications of the actual conditions in circulating blood 
Second Hammarsten emploj ed saturated magnesium sulphate 
to precipitate the globulins of sera, vhereas I haa e emploj ed half- 
saturated ammonium sulphate There are indications, according 
to some obsen. ers- 7 that saturated magnesium sulphate precipi- 
tates a proportion of albumin as veil as globulin 

Objections haae been made bj several observers notablj” Wie- 
ner- 3 to the use of ammonium sulphate as a precipitant of globulins 
from serum According to this ini estigator, unless the serum be 
considerabh diluted before the ammonium sulphate is added, some 
other substance besides globulin is precipitated, for on successne 
dilution of serum and half-saturation with ammonium sulphate, 

’* 0 Porges and K Spiro Bcitr z chem Physiol u Palhol , m, p 277 
1902 

"Heinsius ireh f d ges Physiol, xxxiv, p 330, 18S4, E Marcus 
Zcxlschr f physiol Chcm , xxvm, p 559, 1S99 

5 H ’Wiener Zcitschr f physiol Chem , 1-oen, p 29, 1911 



196 Refractive Indices of Proteins of Ox-Serum 


less and less protein is precipitated until a minimum (about SO 
per cent of the quantity obtained from undiluted serum) is ob- 
tained 

According to Kauder, 29 on the other hand, complete precipita- 
tion of the serum globulin is attained somewhat pnor to 50 per 
cent saturation and a very considerably higher percentage of 
ammonium sulphate must be added before precipitation of the 
albumins begins Haslam, 30 again, believes that one-half satu- 
ration with ammonium sulphate does not remove all of the globu- 
lins from serum, smce if the globulins are removed from serum bj 
half-saturation with ammonium sulphate and further ammonium 
sulphate be added to the clear filtrate until precipitation just 
begins, this second precipitate, after filtering off and redissolvmg 
m water is now found to be precipitable by one-half saturation 
with ammonium sulphate It appears to me, however, that this 
conclusion of Haslam's is vitiated by the tacit assumption that 
the action of dehydrating agents upon albumins is reversible, 1 e , 
that albumin after exposure to concentrated ammonium sulphate 
is unaltered m its properties It is a familiar fact that extreme 
dehydration may in many instances induce irreversible changes 
m proteins, z e , “denaturat ion,” while the results of Starke and 
Mott 31 would appear to indicate that dehydrating agents (eg, 
heat) may convert serum albumins into substances which resem- 
ble globulin m their behavior 

It is, of course, impossible to establish the chemical individuality 
of a substance merely by its precipitabihty with this reagent, or 
with that, and the methods of estimating serum-proteins vhich 
have hitherto been employed suffer from that fact that the means 
of separating the protein are also employed as means of identifying 
them While I have not, as yet, tested the validity of the objec- 
tions urged by Wiener and Haslam against the use of ammonium 
sulphate as a precipitant of globulins by the new method of deter- 
mination, yet the method which I am about to outline, based upon 
the results enumerated m the experimental part of this paper, has 
the following advantages over the methods at present m use 

15 G Kauder Arch f exp Path u Phartn , \\, p 411, 1SS6 

30 H C Haslam Journ of Physiol , \\\u, p 267, 1904 

3 > J Starke Zcilschr f Biol , \1, p 419, 1900, L Mott Beilr 1 chcm 
Physiol u Path , iv, p 563, 1904 
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1 The method is extremely rapid and requires a erj little manip- 
ulation Apart from the Kjeldahl estimation, which need only 
be employed when the presence of "crystalline” serum albumin is 
suspected, and from the time required for the settling of the “insol- 
uble” globulin precipitate, a penod of two hours suffices for several 
simultaneous determinations 

2 The experimental errors of the method are not greater than 
those of the methods now m use and they can be quantitatively 
estimated with great exactitude 

3 Whether the precipitate which is produced m serum by one- 
half saturation with ammonium sulphate comprises all of the 
globulins or not, the constancy of the value of a for the substance 
thus precipitated and for the substance left in solution shows that 
it is either pure globulin or a mixture of perfectly definite and 
invariable composition, provided the conditions of precipitation 
are strictly adhered to If the proportion of this substance is 
different m the serum of different individuals or species, we may 
be fairly confident, therefore, that the quantitative relations of 
the globulin and albumin groups are different m these animals 

4 The substances estimated are defined by a definite and read- 
llj measurable physical property and not merely by their precipi- 
tabihtj bj the reagents employed to isolate them 

4 APPLICATION OF THE RESULTS TO THE QTJANTTT ATTVE DETERMIN- 
ATION' OF THE VARIOUS PROTEINS IN BLOOD-SERA 

Owing, as I have explained in the experimental part of this 
paper, to the fact that his estimates of the refractmty of the 
non-protein constituents of blood-serum were too high, Reiss’ 
refractometnc method of estimating proteins could only be applied 
to blood-sera for the purpose of estimating the total protein con- 
tent, and these estimates were vitiated by the same error The 
discovery that the refractmty of the mixed (or combined) proteins 
in sera is the sum of the refractmties of its parts renders the 
method, with modifications, available for the separate determina- 
tion of each of the proteins at present known with certainty to 
exist in blood-sera The following is an outline of the method 
which I propose 
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1 An accurately measured volume of fresh whipped and cen- 
tnfugahzed serum is diluted to ten times its volume with distilled 
water Carbon dioxide is bubbled through this solution in a tall 
glass cylinder at a good rate (two or three bubbles per second) for 
at least one hour, preferably two hours The precipitate thus 
obtained is washed twice with water, using each time ten times the 
original volume of the serum To the final suspension of globulin 
thus obtained sufficient KOH is added to render the solution, 
after dilution to the volume originally occupied by the serum, one 
hundredth normal The solution thus obtained is diluted to the 
original volume of the serum and its refractive index and that of 
vjru KOH are determined at the same temperature The differ- 
ence between the two readings, divided by 0 00229, yields the yer- 
centage of “insoluble” globulin in the original serum 

2 To an accurately measured volume of the same serum is added 
an equal volume of saturated ammonium sulphate solution and 
the globulins thus precipitated are filtered off, the filtrate is col- 
lected and diluted to one-half with water and the refractive mde\ 
of the mixture thus obtained is measured At the same time ne 
measure the refractive index of a one-fourth saturated solution 
of ammonium sulphate prepared by adding to a portion of the 
saturated ammonium sulphate solution an equal volume of dis- 
tilled water and diluting the solution thus obtained to one-half 
The difference between these two readings, multiplied by 4 and 
diminished by 0 00157 (the refractivity of the non-protem con- 
stituents of serum), yields the total refractivity of the albumins of 
the serum If crystallizable albumin be absent, then this figure, 
divided by 0 00177, yields the percentage of albumin in the anginal 


serum 


3 The refractive index of the original serum is determined and 
that of I' NaCl The difference between the two readings yields 
the total refractivity of the proteins in the serum Subtracting the 
refractivity of the albumms, determined above, we obtain the total 
refractivity of the globulins m the serum This estimate, divided b} 


0 00229, yields the total percentage of globulins in the serum 

4 The sum of the percentages of albumin and globulin yields 
the total percentage of proteins m the serum If desired, this esti- 
mate may be checked by a Kjeldahl determination of the nitrogen 


m the serum employed 
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If crystallizable serum albumin is present, then a Ixjeldahl 
determination of the nitrogen in the original serum is rendered 
necessary 32 From this the total percentage of protein in the 
serum is estimated The refractmtj of the total proteins is 
estimated as in 3 and from it is subtracted the refractivity of the 
total albumins, determined as m 2 The difference, divided bj 
0 00229, yields the percentage of globulins Subtracting this 
from the percentage of mixed proteins, ue obtain the percentage 
of mixed albumins From this and the refractmtj of the albu- 
mins we estimate the \ alue of a ( = change m the refractmtj r of a 
solution due to 1 per cent of the protem) for the mixed albumins 
From the value of a for crystalline serum-albumm (=0 00201), 
according to Reiss and that of a for amorphous serum-albumm 
( =0 00177) we estimate the proportion of crjstalhzable to amor- 
phous albumin in the serum 

It wall be seen, on referring to the tabulated results in the exper- 
imental paper that had the method outlined been employ ed instead 
of the more extensive measurements enumerated in the expen- 
mental part, results would hare been obtained identical with 
those cited therein 


5 CONCMJSIOXS 

1 The value of a (= change m refractive index of a solvent 
caused bj the solution of 1 gram of protein) for the mixed proteins 
of ox-serum is the same n hether the proteins are dissolved m the 
native serum, or precipitated bj alcohol, washed in alcohol, and 
ether, and dned and dissolved in rcr KOH It is also mdependent 
of the dilution and is not altered by acidification of the serum In 
mj expenments the value of this constant for the protems of ox- 
serum was 0 00195 * 0 00002 

2 Reiss’ estimates of the refractmtj of the non-protein con- 
stituents of serum are too high For this reason, his conclusion 
that the refractmtj of the mixed protems of sera is less than the 
sum of the refractmties of the constituent protems is erroneous 
Mj r results indicate that the refractmtj of the mixed proteins of 

1 According to Ivneger (cited after Malj’s Jahresbenchl, xxix, p 1-5, 1899) 
crjstallizable serum albumin is not found m the sera of man, oxen, pigs, 
dogs, rabbits, or fowls 
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ox-sei um is equal to the sum of the refractmties of the separate 
constituent proteins 

3 For refractometrie purposes the non-protem constituents 
of serum may be regarded as being, substantially, $ sodium chlonde 

4 The value of a for the albumins of ox-serum dissolved m three- 
eighths saturated or more dilute solutions of ammonium sulphate is 
identical with its value m distilled water I find it to he 0 00177 
*= 0 00008 The value of a for the albumins of ox-serum dissolved 
m one-half saturated ammonium sulphate solutions is somewhat 
lower 

5 Ox-serum does not contain the crystalhzable albumin which 
is found m horse-serum 

6 The percentages of the various proteins m ox-serum ha\e 
been determined refractometncally with the following results 


Per cent 

“Insoluble” globulins 0 76*0 04 

“Soluble” globulins 2 34*0 10 

Total globulins 3 1 *0 1 

Total albumins 5 4*01 


Total proteins 8 5*01 


7 Reasons are given for preferring the refractometrie method 
to the methods at present in use for the analysis of serum-proteins 

8 A method of procedure for the refractometrie analysis of 
serum proteins is outlined in detail 
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INTRODUCTION 

Since 1824 when Wohler first called attention to the fact that 
the formation of hippunc acid represented a synthetic reaction by 
the animal body, this substance has occupied an interesting place 
m biological chemistry In recent years it has recened special 
attention from the fact that the study of its production may throw 
light upon certain phases of nitrogen metabolism Howe\ er, owing 
to the difficulty" of its quantitative estimation, the progress of such 
uorh has been slou 

Bunge and Schrmedeberg- first de\ eloped a method which with 
modifications has been m use in various laboratories m prefer- 
ence to all others While the method, m that it aims to isolate 
the acid m pure form and to weigh it as such, is a desirable one, 
it still leaves much to be desired because of its difficulty of manip- 
ulation, its tediousness, and its lack of accuracy This is very 
evident by the far from simple modifications that hat e been sug- 
gested from time to time 3 

F Blumenthal 4 sought to ax oid the error, incident to the impos- 
sibility of cry stalhzmg the hippunc acid quantitatively from unne, 
by determining the nitrogen in the residue He did this on the 

1 Published with the permission of the Director of the Agricultural 
Experiment Station 

1 Archiv f exp Path u Pharm , \ i, p 233, 1S77, w, p 378, 1SS1 

5 Dakin This Journal, vu, p 106, 1910, Ringer ibid , x, p 32S, 1911 

4 Italy’s Jahresbencht, xxx, p 363, 1910 
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supposition that the impurities were not nitrogen containing sub- 
stances Hennques and Sorensen 5 used the formol titration on 
the glycocoll liberated by boiling the hippunc acid from an ethjl 
acetate extract with concentrated hydrochloric acid 

R Cohn 6 decomposed the hippunc acid from an ethyl acetate 
extract of the evaporated urine by boiling under a reflux for file 
hours with concentrated HC 1 The liberated benzoic acid was 
weighed as such upon volatilization of an ether extract m a tared 
beaker Pfeiffer, Bloch and Reicke 7 decomposed the hippunc 
acid by long continued distillation with H 2 S04, and finally titrated 
the benzoic acid in the distillate Jaarsveld and Stokvis 8 decom 
posed the hippunc acid, extracted with ethyl acetate, by boiling 
with strong NaOH The benzoic acid was shaken out with petro- 
leum ether, and weighed after volatilization of the ether at room 
temperature 

W Wiechowski 9 sought to punfy the benzoic acid, obtained by 
boiling hippunc acid with NaOH, by a steam distillation The 
distillate was made alkaline, evaporated to a small volume, acidi- 
fied, and then extracted with petroleum ether 

Without going into individual criticisms of these various methods, 
the use of Bunge and Schmiedeberg’s method m preference to all 
others shows the unsatisfactory manner m which their details 
have been worked out Jaarsveld and Stokvis admit that the) 
were unable to obtain a pure benzoic acid and while Wiechowski 
secured a purer product by steam distillation, it is practically an 
impossibility to steam distill benzoic acid quantitatively The 
determination of hippunc acid as benzoic acid by sublimation 
seemed to offer the most satisfactory plan for further experimen- 
tation To make this applicable to unne it was necessary to take 
into consideration, (a) the occurrence m urine of non-conjugated 
benzoic acid (benzoates) , (b) the occurrence m urine of conjugated 
benzoic acids, which, like hippunc, yield benzoic acid m the method 
of decomposition adopted, (c) the decomposition of hippunc acid 
and its quantitative recovery as benzoic acid 

8 Zeitschr f physiol Chem , Ixm, p 327 

6 Festschrift fur Jaffc Braunschweig, m, p 327, 1901 

7 Maly’s Jahrcsbericht, wxn, p 364, 1903 

8 Archiv f exp Path u Pharm , \, p 71, 1879 

8 Hofmeister’s Beilfagc, vn, p 265, 1906 
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Non-conjugated benzoic acid in fresh and apparent!} normal 
urines has been reported from time to time, but apparently this 
\ anes with different animals 10 Jaarsveld and Stokvis 11 were unable 
to find any in normal human unne, v Inch observation has been veri- 
fied by Dakin, 11 Lewinski, 13 and Seo 14 Lewmski, however, noted 
exceptions upon the administration of large amounts of sodium 
benzoate Brugsch and co-workers, 15 on the other hand, report 
finding free benzoic acid in dog urines on feeding sodium ben- 
zoate Apparently then, until the occurrence of non-conjugated 
benzoic acid has been more thoroughly im estigated, in a deter- 
mination of total benzoic acid in urine as hippunc acid a pre- 
liminary test for free benzoic acid should first be made Of spe- 
cial significance m this connection is the observation of Seo, 16 
that, m unne, on standing, decomposition of hippunc acid rapid]} 
sets m, due to bactenal action Schmiedeberg 17 and Minkowski 13 
showed that the same decomposition could be caused by an enzyme, 
histozyme, occurring in the kidneys of dogs and pigs If it is 
true that the free benzoic acid m unnes onginates from a decompo- 
sition of the hippunc acid, subsequent to its excretion by the kid- 
neys, it v ould be permissible to calculate it as hippunc acid 
Very few benzoic acid complexes besides hippunc acid are 
known to occur in unne On feeding very large amounts of ben- 
zoic acid to animals, apparently exceeding their synthetic capa- 
cit} to form hippunc acid, urines have been observed to rotate 
polanzed hght to the nght instead of to the left, and to possess 
strong reducing power This has been shown by Magnus-Levy 19 
to be due to the presence of benzoy 1 glycuromc acid which he was 
able to detect m sheep unnes only when very' large amounts of 
benzoic acid were fed With rabbits and dogs, a still smaller 


10 Hammarsten’s Physiological Chemistry, p 6S7, 1911 

11 \rchw f exp Path u Pharm , \, p 278, 1879 

I This Journal, vu, p 103, 1909 

II Archw f exp Path u Pharm , ha, p SS, 1909 
’* Ibid , Ivui, p 440, 190S 

15 Zcitschr f exp Path u Therapxe, m, p 663, 1906, v, p 731, 1909 
“ Loc cit 

1 Archiv f exp Path u Pharm , xiv, p 379, 1SS1 
” Ibid , xvu p 453, 1883 
18 Bxochem Zcitschr , vi, p 502, 1907 
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tendency to form this acid was observed Dakin 20 was able to 
find traces of it in human urme when administering 10 grams of 
sodium benzoate When present, it is readily detected m unnes 
by its reducing power, its non-fermentabihty, and its dextro-rota- 
tion In such abnormal urines a method based on the determina- 
tion of conjugated benzoic acid as hippunc is not applicable 
Ormthuric acid discovered by Jaffd 21 on feeding benzoic acid to birds 
need not be considered here as it has not yet been isolated, so far as 
the writer is aware, from the urines of mammals 

EXPERIMENTAL 

Benzoic acid was determined essentially according to the method 
proposed by Dakin 22 for qualitative work Steam distillation 
was attempted but inasmuch as the solubility, as well as the boiling 
point of a substance, is a factor of its volatility, it was practically 
an impossibility to quantitatively distill the benzoic acid, even 
when as much as 4 to 5 liters of distillate were collected, onlj 
90 per cent of the total benzoic acid was accounted for On 
decreasing the solubility of the acid by means of phosphoric acid, 
a very weak acid as judged by its ability to saponify esters, slight 
decomposition of the hippuric acid resulted Direct extraction of 
the benzoic acid by means of petroleum ether was also attempted, 
but finally abandoned m favor of benzol Two hundred cubic 
centimeters of urine (cow urines only were used m all experimental 
work) acidified with phosphoric acid were extracted for twelve 
hours with 90 per cent benzol (purified by washing with dilute 
alkali and then with water and redistilling) By shaking the ben- 
zol solution wi th dilute alkali, all benzoic and hippuric acids in 
solution were taken up After neutralizing, the water extract 
was evaporated to dryness, taken up with 25 cc of water, trans- 
ferred to a separatory funnel, a few grams of sodium chloride added, 
and shaken out with freshly distilled petroleum ether (B P , 40 ) 
Though benzoic acid is much more soluble m ethyl ether, petroleum 
ether was used since this does not dissolve the traces of hippuric 
acid (about 0 013 gram) extracted by the benzol One hundre 

20 hoc Clt 

51 Ber d deutsch chem Gesell , x and xi 

22 Dakin This Journal, vn, p 107, 1909 



H Steenbock 


205 


and fift} cubic centimeters used m file portions'uere found suffi- 
cient for 0 2 gram of benzoic acid The extracted v> ater solution 
which contains hippunc acid, was added to the benzol extracted 
unne on which a conjugated benzoic acid determination could then 
be made The petroleum ether extracts were united m a separa- 
tor} funnel and allow ed to stand till all traces of w ater m emulsi- 
fied form could be separated B} running the ether, drop by drop, 
into a U-tube, through which a current of drx air was drawn with 
a suction pump, the ether w as rapidl} x olatihzed without any con- 
densation of v, ater To facilitate the volatihzation, xx hich other- 
wise w ould be retarded by the cooling of the tube, it w as immersed 
in a water bath at approximate!} 40° At this temperature no 
appreciable loss of benzoic acid results m the time necessary for the 
complete volatihzation of the ether and the drying of the residual 
benzoic acid When thoroughl} dr} , the benzoic acid w as purified 
b} sublimation The U-tube w as suspended in an air oven, one arm 
connected with a drying bottle containing IB SO*, and the other with 
a tared condensing tube The condensing tube consisted of a light 
glass tube (20 grams) 25 cm long and 9 mm bore with bulbs 3 cm 
in diameter blown at 9 mm interxals These bulbs were filled 
with glass w ool, w hich pro\ ed to be x en efficient m condensing the 
benzoic acid from the current of air drawn through the apparatus 
b} means of a suction pump The large bore of the condenser made 
it possible to make connections with the arm of the U-tube inside 
the air bath b} means of a small cork, thus prex enting condensation 
and a clogging of the apparatus at the pomt of connection B} 
gradually bringing the air bath up to 130° the benzoic acid was 
quantitatix el} sublimed into the condenser, which at the end of the 
operation, lasting usuall} about one hour, w as cooled m a dessica- 
tor and w eighed 

B} the abox e operation no benzoic acid was recox ered in an} of 
the cow urines examined, thus confirming the findings of others 13 
for human urines That this was not due to fault} operations 
was shown b} recox enng 0 195 gram of 0 200 gram of benzoic 
acid which had been added to 200 cc of urine 

Vi ith the absence of non-conjugated benzoic acid in cow urines 
which furthermore do not reduce Fehhng’s solution, it seemed en- 

1 Dakin, Lew inski, Seo Loc at 
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tirely permissible to determine hippunc acid as benzoic if any prac- 
tical methods of decomposition were found to be quantitatne 
Decomposition by boiling with HC1 or H 2 S0 4 were not only found 
difficult but liable to losses of benzoic acid by volatilization 
Boiling with strong alkali was found much more efficacious 
One gram of hippunc acid was boiled for two hours with 50 cc 
of 10 per cent NaOH under a reflux in a 500 cc Jena Florence 
flask After cooling, the solution was transferred to a separator) 
funnel, acidified with 50 per cent H 2 S0 4 and shaken out con- 
secutively with 50, 40, 20, 20, 20 cc portions of ethyl ether The 
ether was volatilized and the residual benzoic acid sublimed as 
previously outlmed Benzoic acid X 1 467 = hippunc acid 


f 

] 
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A 


1 ! 

0 677 

0 9931 

1 99 31 

B 


| 1 

0 676 

0 9916 

1 99 16 


The results prove beyond a doubt that the decomposition and 
recovery are quantitative In urines, however, there are inter- 
fering substances which necessitated a procedure as subsequently 
outlined 

In a 500 cc flask 100 cc of unne were boiled for two hours over 
a low flame with 10 grams of NaOH, adding 25 cc H 2 0 2 , a fe" 
cubic centimeters at a time, to oxidize coloring matters After 
cooling, the solution was transferred to a 200 cc volumetnc flash, 
and slightly acidified to htmus with 50 per cent H 2 S0 4 Bromine 
water was then added to a slight bromine odor, the solution made 
up to volume and filtered through a dry filter Fifty cubic centi- 
meters of the clear filtrate after acidification were shaken out with 
ether and sublimed as previous!)' outlined, taking special precau- 
tions not to raise the temperature above 130° High temperature 
may cause destructive distillation of some of the impurities ex- 
tracted with the benzoic acid In many cases sublimation at a lou 
temperature may be facilitated by tilting the U-tube and therein' 
distributing the benzoic acid over a larger area By the hydro- 
gen pei oxide treatment the coloring matters of all urines examined 
were readily oxidized to a pale straw color without loss or oxidfl- 
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tion of benzoic acid Dakin 14 m a practical!} neutral solution was 
able to oxidize benzoic acid to oxybenzoic acids by means of hy dro- 
gen peroxide That these reactions did not proceed with the solu- 
tion strongly alkalin e -was shown by negatix e tests for oxy benzoic 
acids with feme chlonde and with billion’s reagent The bromine 
water was very efficient m precipitating phenols which otherwise 
w ould sublime with the benzoic acid Strong acidity at this point 
should be avoided as it will cause the precipitation of benzoic acid 
which would be lost on filtering Examples of typical results 
obtained are given in the following table which is supplemented 
with titration v alues for benzoic acid obtained by titrating the 
sublimate with rj NaOH using phenolphthalem as indicator 


NUMBER OF 
WR3NE 

BENZOIC rs 
FORM OF 
HIPPTJRIC ADDED 

SUBLIMATE 
OBT UNED 

SUBLIMATE CAL- 
CULATED AS 
HIPFURJC ACID 

TITRVnO 
VALUES FOR 
BENZOIC ACID 

PER CENT OF 
ADDED HIPPC- 
RIC RECOVERED 


gram 

gram 

gram 

gram 




0 1922 

0 2821 

0 1913 


1 \ 


0 1938 

0 2S44 

0 1931 




0 2016 

0 2959 

0 2009 


II 


0 2036 

0 29SS 

0 2015 



0 170 

0 3739 

0 54SS 

0 3712 

100 6 


11 ith the abov e examples as a type there can be no doubt as to 
the applicability of the method to cow urines Under pathologi- 
cal conditions and with urrnes from other sources no statements 
can as y et be made though no senous difficulty is expected 
From the table it is seen that the titration values agree remark- 
ably well with those corresponding for pure benzoic acid This 
practical!} excludes the possibility of the presence of any subli- 
mable homologues of benzoic acid, furthermore, the meltmg points 
of sublimates were found to correspond exactly to that of benzoic 
acid (121 5°) 

Tint homologues of benzoic acid do occur in urine was shown 
bj Salkowski,^ who isolated 0 S gram of phenacetunc acid from 
a liter of horse urine Phenacetunc acid would, m the method 
of decomposition adopted for hippunc acid, yaeld phenylacetic 
acid which like benzoic acid is readily sublimable The observa- 

1 This Journal, ui, p 419 1907 
i Bcr d dcutsch chcm Gcscll , \vu, p 3010, 1SS4 
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tions on cow urmes are entirely out of harmony with those of 
Vasiliu 26 who, from the examination of the urmes of sheep, comes 
to the conclusion that phenaeeturic acid is almost as important 
a constituent of the unne of herbivora as hippunc acid 

The lowering of titration values of the sublimate from that cal- 
culated for benzoic acid suggests the possibility of determining 
phenacetunc acid as well as hippunc acid Other homologues of 
benzoic acid due to a longer side chain are not liable to occur in 
unne as it has been shown that phenyl propionic acid is oxidized 
m the body to benzoic acid Phenylacetic acid differs m molecular 
weight from benzoic acid by one CH 2 group, therefore, any lower- 
ing of titration values can be calculated directly back to percent- 
ages of phenylacetic acid as their combined weights are known 

fWt of sublimate - (cc ■& NaOH X ) s CH „ CsHsCH „ C0 0H 
!gms benzoic acid in 1 cc yo solution) J 
x = weight of phenyl acetic acid 
Weight of sublimate — x = weight of benzoic acid 

To test the applicability of the method 1 gram of phenacetunc 
acid was added to 100 cc of urme, of which the hippunc acid con- 
tent was known, and the general method outlined for hippunc 
acid followed The table shows the results obtained on an aliquot 
corresponding to 25 cc of unne and 0 25 gram added phenace- 
tunc acid 


1 

WEIGHT OF | 

sublimate | 

i 

TITRATION OF' 

SUBLIMATE IN M EIGHT 

CUBIC CENTI- 'BENZOIC ACID 
METERS i FROM 

t N Na0H hifpuricacid 

WEIGHT OF 
PHENH- 
ACETIC ACID ; 
FROM PHEV- 

aceturic 

ACID 

WEIGHT OF 
BENZOIC ACID 
BY TITRATION | 

EIGHT OF 

thentl 
acetic NCID 

TITRATIOV 

1 

A 

0 372G 

58 15 

0 2030 

0 1761 

0 19SS 

0 173S 

B 

0 3700 

57 75 

0 2030 

0 1761 

0 1981 

0 1719 


While the above values agree remarkably v ell it must be remem- 
bered that the method is not without its limitations The differ- 
ence m molecular weight between benzoic and phenyl acetic acids 
is small and any impunties m the sublimate wall materially affect 
the final values, a variation of 0 1 cc of A NaOH will mean a 
difference of 0 0068 gram of phenylacetic acid or, when multiplied 

:s Mitlcilungen d land Instil Breslau, n , 1909 
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by the conversion factor 1 4191, 0 0096 gram of phenacetunc 
acid However, it is believed that this method for phenacetunc 
acid is far supenor to fractional crystallization which up to the 
present tune has been the only one in use Where examination 
for unconjugated benzoic acid in the unne is to be made the method 
outlined was found entirely applicable, since phenacetunc like 
hippunc acid is practically insoluble m benzol 

summary 

Dakin’s method for isolating benzoic acid was found to 30 eld 
quantitative results when followed by sublimation 

Hippunc acid and phenacetunc acid occurring together can 
be determined respective^ as benzoic and phen>*lacetic acid b 3 r 
sublimation followed by titration 
No salts of non-conjugated benzoic acid or of phenacetunc acid 
were found in cow urines 




NOTE ON A CASE OF PENTOSURIA PRESENTING 
UNUSUAL FEATURES 

Br J H ELLIOTT and H S RAPER 
(From the Department of Pathological Chemistry, the University of Toronto ) 
(Received for publication, February 12, 1912 ) 

Since pentosuria was first recognized by Salkowsla in 1892, up- 
wards of thirty cases have been described The general features 
of the cases have been quite similar and may be summed up briefly 
as follows The majority of the cases have been met with among 
the Jewish races There has usually been no marked general dis- 
turbance, and the abnormality has often been discovered by acci- 
dent or when the patient has been under treatment for diabetes 
owing to faulty diagnosis Examination of the urine has shown 
that it possesses reducing properties With Fehling’s solution 
reduction takes place after a somewhat long latent period (about 
half a minute) , the solution turns 3 ellow, no cuprous oxide being 
precipitated at the time, but only after standing With Nylander’s 
reagent there is only slight reduction The unne is not fermented 
by 3 east, it gives a strongly positive orcm reaction, and when 
heated with phenydhydrazine gives an osazone which melts in the 
crude state at about 150° C In all the genuine cases so far described 

the unne has been optically inactive 
The present case, for which we are indebted to Dr C J Currie 
of Toronto who brought her to the notice of one of us, was, in all 
the aboi e respects, like those previously descnbed It was onlj r in 
an attempt to estimate the pentose by' Neuberg’s method 1 * that an 3 
abnormality was met with In only one instance, to our know ledge, 
Ins the pentose been actually isolated from a case of pentosuria, 
and that was by Neuberg in 1900 3 Using twent 3 liters of unne, 
Neuberg was able to obtain about twent 3 grams of the pentode 
as the diplien 3 Ihy drazone This on decomposition with form aid o- 

1 Neuberg ind \\ ohlgcmuth Zcxlschr f physiol Chcm , v\~xv, p 3S 

* Neuberg BcnchU , \\\m, p 2243 
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Case of Pentosuria 


hyde yielded the sugar itself, which was found to be mactne ara 
bmose In our case, on attempting to estimate the pentose b\ 
means of diphenylhydrazme no insoluble hydrazone was obtained 
An attempt was therefore made to isolate the pentose following 
the process exactly as described by Neuberg, but was fruitless It 
was also found impossible to separate any crystalline denvatnc 
other than the phenylosazone, proceeding bj p nay of the precipi- 
tate produced in the urme by basic lead acetate and ammonia, 
which contains all the reducing substance That the substance is 
a pentose is shown by anafysis of the osazone, but we have been 
unable to obtain anj r evidence that it is arabmose The other two 
pentoses which give an osazone melting above 160° C , are nbose 
and arabmo-ketose The latter so far as we are aware, has not been 
encountered up to the present time m the examination of animal 
tissues or fluids The fact that d-ribose had been shown b} T Levene 
and Jacobs to be present m some of the nucleic acids, suggests that 
theie is some possibility of the pentose m the present case being 
inactive nbose 

The clinical history of the case is as follows 

Mrs H , aged 32, a Russian Jew Mamed, two children living One 
child died at five and one-half months of pneumonia, one of scalds 

Previous illness At about four years of age had a swollen hand with 
discharge of pus from opening on the dorsum, finall} some bone discharged 
and the opening healed, leaving a transverse scar A similar condition 
about the knee healed with no discharge of bone, at the same time also 
there was a discharging sore near one ankle and this the patient sajs still 
discharges at tines One 3 p ear ago a child tw o > ears of age fell into a tub of 
boiling water and died an agonizing death Patient was much upset, 
became very nervous and went to Philadelphia to live In the summer 
of 1910 she was admitted to the Jefferson Hospital with a swollen leg 
There were places on the leg like boils but no pus was present She was 
told her veins were inflamed While m the hospital she was told there 
was sugar m the urine and that she had a mild form of diabetes She 
returned to Toronto in the autumn of 1910 and sought advice regarding 
the glycosuria She was not losing m weight, general appearance good, 
though she was of a nervous type and much worried and anxious about 
herself At times she showed a tendencj to magnify her sxmptoins and 
reported to her physicians many mmoi aches and pains She complained 
of being alwajs tired and at times w r eak, occasionally her hands were heavj 
to raise or move She perspired frcclj in the axillae under examination 
The general phjsical examination jieldcd nothing of importance Puke 
and temperature normal No polj uria oi thirst 
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Examination of the urine A routine examination of the unne 
showed that some reducing substance was present The typical 
latent penod before reduction was obtained with Fehhng’s solu- 
tion Ny lander’s solution was only slightly reduced The unne 
was not fermented by yeast Orem reaction (Bial-Salkowski 
method), strongly positne With phenylhydrazme a crystalline 
osazone was readily obtained It crystallised out on cooling 
and melted in the crude state at 148 to 150° On recry stalli- 
zation from 20 per cent alcohol the melting point rose to 161 to 
163°, finally on cry stalhzation from 10 per cent alcohol contain- 
ing a httle pyndine it was obtained m long glistening yellow needles 
melting constantly r at 163 to 164° C 

txALisis The osazone was dried in vacuo over P-0 5 at 35° C 
(1) 0 1431 gram ga\e 21 1 cc moist nitrogen at 16° and 753 2 mm Hg 
= 17 OS per cent mtrogen 

\2) 0 1548 gram gai e 23 1 cc moist nitrogen at 16° and 744 5 mm Hg 
= 17 09 per cent mtrogen 

Theorj for Ci H 0 K«O a requires 17 07 per cent nitrogen 

Eshmahqn of the pentose A forty-eight-hour quantity of 2650 
cc was collected One hundred cubic centimeters of this gate 
0168 gram crude phenylosazone corresponding to 0 0769 gram 
pentose or 2 04 grams in the two days On attempting to estimate 
the pentose by Neuberg’s method 3 , using 1000 cc of unne con- 
centrated to 60 cc under reduced pressure at 35° C , no insoluble 
diphenylhy drazone such as arabinose gives, was obtained Since 
the method for the estimation of arabinose in unne was worked 
out by Neuberg using normal unne to which varying amounts 
of the pentose were added, and since Neuberg has suggested that 
the pentose is excreted in combination with urea, it was conceiv- 
able that such a ureide might not react with diphenylhy drazme 
m the same u ay as the free sugar This might therefore account 
for the failure to obtain the diphenylhy drazone m the above expen- 
ment An attempt to isolate the pentose as dipheny lhy drazone 
u as therefore made using the process adopted by Neuberg for this 
purpose 5 A liter of unne w as concentrated to 50 cc at 35° under 
reduced pressure then poured into 360 cc of hot 95 per cent alcohol 

* Neuberg Bcnchte, xxxm, p 2243 
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Cooled, filtered from salts, the latter were then dried m the air, 
ground up with ether, dried and extracted m a Soxhlet apparatus 
for eighteen hours with 95 per cent alcohol The extract was 
added to the mam alcoholic solution and the whole evaporated 
to 40 cc under reduced pressure This residue was poured into 
100 cc of hot 96 per cent alcohol, cooled, filtered and the filtrate 
boiled with animal charcoal for a few minutes The fluid v, as again 
filtered and concentrated at 35° C to 44 cc Three cubic centimet- 
ers removed for estimation of the pentose by titration, showed 
that 0 63 gram was present assuming the pentose to be arabmose 
The alcoholic solution was therefore heated with 1 gram of di- 
phenylhydrazme dissolved m a few cubic centimeters of alcohol in a 
boiling water bath for an hour No diphenylhydrazone separated 
on standing (The diphenylhydrazme used was a freshly prepared 
specimen which easily gave the characteristic h} r drazone when 
heated with arabmose from gum arable ) A second attempt was 
made using 4,700 cc urine following the same procedure, but was 
likewise unsuccessful Taking advantage of the fact that the pen- 
tose is precipitated by basic lead acetate and ammonia, an attempt 
was made to isolate the pentose m this way One liter of urine 
was precipitated with lead acetate, filtered, and the filtrate precipi- 
tated with basic lead acetate and ammonia This removed all 
the reducing substance The precipitate was decomposed with 
hydrogen sulphide and the solution so obtained concentrated to 
about 100 cc under reduced pressure at 35° C It was neutralized 
to Congo red with sodium hydroxide, then to litmus with barium 
hydroxide, evaporated to a syrup in vacuo and poured into 200 cc 
of hot 95 per cent alcohol The precipitated salts were filtered 
off after standing and the filtrate evaporated to small bulk under 
reduced pressure This solution reduced very strongly and gave 
the characteristic osazone with phenylhydrazme but on treatment 
with diphenylhydrazme p-brom-phenjdhydrazmeor p-nitro-phenyl- 
hydrazme gave no crystalline hydrazone 

Since some authors have reported instances of more than one 
case of pentosuria m a. family, the unnes of the available blood rela- 
tions have been tested They were the son, daughter and brother, 
but all proved negative with Fehlmg’s solution, the orcin reaction 
and phenylhydrazme 
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Note Since sending the above results for publication vre have 
been able, through the kindness of Dr P A Levene, who fur- 
nished us with a specimen of d-nbose, to compare the properties 
of the phenylosazone of this substance with those of the phenyl- 
osazone of the unnary pentose A specimen of the osazone of Z-ara- 
bmose (Merck) was also prepared for comparison. The osazones 
of the two active pentoses, which on theoretical grounds should 
have identical properties, melted at 162 3°, crystallized m the same 
manner and appeared to possess the same solubility m 10 per cent 
alcohol The unnary pentosazone appeared to be less soluble m 
10 per cent alcohol, and crystallized much better than the osazones 
from either of the active pentoses No appreciable alteration in 
the melting point was obtained by mixing the urinary pentosazone 
with the osazones of the two active pentoses 




A BRIEF INVESTIGATION ON THE ESTIMATION OF 

LECITHIN 

BtE c collison 

(From the Ohio Agricultural Experiment Station, Wooster, Ohio ) 

(Received for publication, February 12, 1912 ) 

Methods of determining lecithin in animal tissues are somewhat 
unsatisfactory, due to the lack of a routine method whereby leci- 
thin itself can be separated and quantitatively estimated By 
present methods it is determined along with related phosphatides, 
and the quantity reckoned from a phosphorus estimation by multi- 
plication by a convenient factor 

The bnef investigation, the results of which follow, is a com- 
parison of several methods with a view to gaming evidence as 
to their accuracy 

In this laboratory, lecithin, in the strict sense, is estimated by 
an extraction with anhydrous alcohol and ether, evaporating the 
solvents and drying the resulting extracts, taking up with anhy- 
drous ether, filtering and determining the phosphorus m the ethe- 
real solution 

W Koch 1 states that owing to the difficulty of iv or Ling under 
anhydrous conditions, this method is open to objection and that 
Ins method of separation of the hpoids with acid-chloroform- 
vater is on this account preferable This latter method is long 
and laborious when used in a routine way, and involves an undesir- 
able correction for non-hpoidphosphorus clinging to theprecipitate 
The other method is more easily workable and its accuracy m so 
far as any method for lecithin is accurate is questioned only on 
the ground of the practicability of working under anhydrous con- 
ditions The following comparisons were made m an effort to 
learn whether or not it is practicable to v,ork under essentially 
anhydrous conditions, and whether solvents, not absolutely vater- 
free, appreciably affect the results 

1 Journ Atncr Chem Soc , xxxi, Dec , 1909 
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Five to eight gram samples of brain and liver contained in alun- 
dun extraction capsules were used in this work They were thor- 
oughly dried m a vacuum according to the method of Schachell, 1 
being previously mixed m the capsule with sand to facilitate 
drying 

Three sets of samples were treated as follows 

1 Extracted with anhydrous reagents, the dried extracts taken 
up with anhydrous ether and filtered 

2 Extracted with 95 per cent alcohol and U S P ether, the 
dried extracts taken up with anhydrous ether and filtered 

3 Extracted with 95 per cent alcohol and 17 S P ether, and 
the lipoids separated by acid-ehloroform-water according to Koch 

After complete desiccation the capsules containing the samples, 
the latter well covered with lipoid-free absorbent cotton, were 
divided into three sets as above, placed in small bottles or flasks 
and covered with alcohol, absolute and 95 per cent respectively 
The bottles were loosely'' stoppered with glass stoppers, placed 
in a water bath and the alcohol boiled gently for two hours In 
this way extraction takes place at the boihng point of the solvent 
The alcohol was then decanted and the capsules and samples 
washed several times with alcohol of the appropriate strength 
This extraction and washing was repeated four times, making 
eight hours boihng m all The capsules were then dried at a Ion 
temperature in hydrogen and extracted in the usual way for 16 
hours with ether, using anhydrous or 11 S P material as above 
indicated 

The samples were now removed from the capsules and pulverized 
m an agate mortar After returning to the capsules they' were 
again extracted for 16 hours with ether of purity previously desig- 
nated 

The ether and alcohol fractions were then freed from the so - 
vents by evaporation at a low temperature, and the two fractions 
combined 

The absolute alcohol used m this work was prepared m t ls 
laboratory and was practically anhydrous The anhydrous ether 
was made by redistillation from sodium of the ordinary' anhydrous 
ether 

■ Amer Journ of Physiol , xxiv, June, 1909 
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The extracts from sets 1 and 2 w ere now dned at 50° G in hydro- 
gen, taken up with anhj drous ether and filtered through asbestos 
The ethereal solutions were transferred to 250 cc Kjeldahl flasks, 
the ether evaporated and the residue decomposed with nitnc and 
sulphuric acids The phosphorus was determined, either by pre- 
liminary precipitation with magnesia mixture, or directly with 
molj bdate solution, taking care that in the latter case an excess 
of ammonium nitrate was used and the precipitate was digested 
from four to six hours at 60° C 

The extracts of set three were treated according to the method 
of Koch with aeid-chloroform-w ater, hpoid phosphorus being 
determined on the precipitate and the necessary correction made 
for non-lipoid phosphorus 

The filtrates were perfectly clear 


Percentages of lipoid phosphorus Averages of three to file determinations 


METHOD 

BRAIN 

LITER 

First 

series 

Second 

serle3 

First 

series 

Second 

aeries 

Set I Anhydrous reagents, filtered 

0 176 

0 215 

0 110 

0 092 

Set II Crude reagents, filtered 

Set III Crude reagents, acid-chloro- 

0 202 

0 225 

0 112 

0 112 

form-water 

0 201 

0 223 

0 11s 

0 no 


In comparing these results it should be borne in mind that m 
any method for lecithin estimation, taking for granted complete- 
ness of extraction and accuracy of technique, the probable error 
lies m the direction of results that are too high, due to inclusion of 
inorgamc or other forms of non-hpoid phosphorus The lower 
results, other things being equal, are probably more nearly accu- 
rate 

Although the \ anations m the results by the three methods are 
not great, those obtained by acid-chloroform-water treatment are 
slightly but uniformly higher than those obtained with anhydrous 
reagents and are probably, by that amount, too high 

It would therefore seem, that taking ordinary precautions to 
secure anhj drous reagents, the straight extraction method is 
preferable to the acid-chloroform-water separation 
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With the purpose of further shortening the method, it nas 
thought that possibly where anhydrous reagents were used, the 
filtering of the extract with anhydrous ether was unnecessary To 
test this point, two sets of determinations were made on brain, 
liver and muscle All samples were extracted with anhydrous 
reagents by the method given above The dried extracts of one 
set were then taken up with anhydrous ether and filtered The 
other set of extracts were analyzed for phosphorus directly with- 
out filtering The results are given m the table below 


Percentages of lipoid, phosphorus Averages of four determinations 



EXTRACTS TAKEN UP WITH j 
KNH1DROUS ETHER AND 
FILTERED 

EXTRACTS NOT FILTERED 
’ PHOSPHORUS RUN DIRECT 

Brain 

0 248 

1 

Liver 

j 0 153 ■ 


Muscle 

0 047 

0 044 


These results indicate that taking up the extracts with anhv 
drous ether and filtering is an unnecessary step m the determina- 
tion, since practically identical results were obtained in both cases 
with all three tissues 

The most satisfactorj'- method found therefore and the one in 
use m this laboratory, is that m which the combined alcohol and 
ether extracts are analyzed for phosphorus without previous filtra- 
tion with ether, provided the necessary precautions are taken to 
secure dry reagents 

Crude reagents seem to render soluble certain forms of phos- 
phorus which are not successfully separated from the lipoids by 
the acid-chloroform-water treatment 

The author wishes to express his thanks to Dr E B Forbes for 
making this investigation possible 



THE PURINES OF MUSCLE 1 

Bt C B BENNETT 

(From the Rudolph Spreckels Physiological Laboratory of the Umiersily of 

Cali/orma ) 

(Received for publication, February 21, 1912 ) 

The vast amount of work done on the purrne bases in mam- 
malia has shown that the two punnes commonly found m fresh 
glands are ade nin e and guanine, and that hypoxanthme and xan- 
thine, previously reported as having been found m various organs, 
occur only as the products of enzymatic changes of adenine and 
guanine, and are not found in the fresh glands 2 Muscle tissue, 
however, even when perfectly fresh, always shows the presence of 
more hypoxanthme than of any other purine, and the question 
therefore arose as to where this hypoxanthme came from Schit- 
tenhelm 3 * maintained that it was probably due to the conversion 
of adenine from nucleic acid by the ferment adenase, while Jones ' 1 
said that the hj poxanthine was formed in the muscle itself Tlus 
w r ork was therefore started m the hope of obtaining more light 
concermng muscle purines 

guanine and adenine 

The fact that guanine occurs in muscle tissue m small amounts 
has long been known Ademne, however, is usually considered 
to be absent , 5 though Mendel and Leavenw orth 6 show ed that large 
amounts are obtainable from embryo calf muscle 

1 Submitted m partial fulfillment of the requirements for the degree of 
Doctor of Philosophy at the Unvsersitj of C aliform a 

* Oppenheimer s Handbuch dcr Biochcmie, l, p 610, 1908 

1 Sduttenhclm Zextschr f physiol Chem , lxm, p 24S, 1909 

* Miller and Jones Ibid , lm, p 393, 1909, Rohdd and Jones this Journal, 
am, p 237, 1909-10 

5 Cf Trankc! Dcscnpliic Biochemie, p 124 

‘Mendel and Leaaenoorth truer Journ of Physiol , rxi, p 99, 190S 
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In this work it has been found thac fresh rabbit muscle, after 
extraction with water at 65 to 70°C , upon digestion with dilute 
sulphuric acid yields guanine but not adenine If the extraction 
be made with cold water, the residue after digestion yields both 
guanine and adenine and further it has been shown that this dif- 
ference is due to the extraction of ademne from the muscle by the 
hot water Three typical experiments are cited below in support 
of these statements 

1 A while female rabbit was etherized, then bled to death, and after 
shinning and cleaning, was immediately placed for fifteen minutes m dis 
tilled water at 60°C The muscle was then stripped from the bones and 
ground three times Four hundred and sixty grams of this hashed muscle, 
mixed with 7 00 cc of distilled water, were gradually heated to 60°C , then 
filtered through cloth, the residue being squeezed as dry as possible, and 
ground again This process was repeated twelve times, using 600 cc of dis 
tilled water each time, and heating each extraction slowly to 60°C before 
filtering The final residue, the moist weight of which was 371 grams, was 
digested with 1500 cc of 3 per cent sulphuric acid at 100°C for twenty-four 
hours On treatment of the fluid with copper sulphate and sodium bisul- 
phite in the usual way, 31 mgs of guanine w r ere obtained No trace of adc 
nine was found, although a little of some other purine was present, probabh 
hypoxanthine The guanine obtained was purified through itssiher salt 
and gave characteristic reaction when evaporated with strong nitric acid 
and treated with sodium hydroxide 

2 A white female rabbit was killed b> bleeding after etherization, and 
its muscles removed and hashed Five hundred and sixty-four grams of the 
hashed muscle were extracted with equal weight of distilled water for ten 
to fifteen minutes and the extract filtered through cloth This process was 
repeated four times The residue remaining was then digested for twentj - 
four hours with five times its weight of 3 per cent sulphuric acid It yielded 
65 mgs of guanine and 143 mgs of adenine piciate, equivalent to 53 mgs 
of adenine There was also a little h>poxanthine(?) present 

3 A large black male rabbit w as killed by bleeding af terethenzing, and its 
muscles hashed Nine hundred and forty-one grams of the hashed muscle 
were extracted five times with its owm weight of distilled water It was then 
extracted twice with like amounts of water, heated gradually to 55 to 57 C 
The combined warm water extracts were acidified with 45 cc of concen- 
trated sulphuric acid and digested for 24 hours at 100°C It jielded 27 mgs 
of guanine and 62 + mgs of ademne picrate, equivalent to 25 + mgs of 
adenine 

Although ademne is found in the vegetable kingdom as in tea 
leax r es in a free condition, it has almost never been found free m 
the tissues of higher animals, except in such abnormal tissues os 
cancers Usually it is present m animal tissues as a constituent 
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of thymus nucleic acid It would seem probable therefore that 
in the muscle also, adenine is present as a part of thymus nucleic 
acid Only a portion of the guanine however, could thus be 
united since some guanine was always found in the tissue after 
the extraction by warm water had removed all of the adenme-con- 
tairnng molecules All of the figures obtained m this work indi- 
cate that there is more guanine in muscle tissue than adenine 
The following data are taken from Mendel and Leavenworth 
From thirty embryos were obtained 

Guanine hydrochloride 0 137 gram = 0 093 gram guanine 

Adenine picrate 0 185 gram = 0 065 gram adenine 

Hypoxanthine nitrate 0 057 gram = 0 029 gram hypoxnnthme 

It may be partly due to this fact and also to the fact that gua- 

nine more readily crystallizes out of its solutions that the presence 
of guanine in muscles is better established than that of adenine 
Smce striated muscle contains, m addition to the stnpedmuscle, 
fibers, connective tissue and blood vessels, with their smooth 
muscle fibers, the following data obtained by Sieber and Dzierz- 
gowski 7 on the punne content of the lungs are of interest, for m 
spite of the fact that the connective tissue of the lungs is not iden- 
tical with that of muscle, it is convement to look upon lung tissue 
as approximately equivalent to muscle tissue minus its striped 
muscle fibers These workers found by Kossel’s method that for 
every 100 grams of lung tissue, they obtained 60 mgs of xanthine, 
164 7 mgs of guanine, 126 9 mgs of adenine, 179 6 mgs of hypo- 
xanthine Varying yields however were obtained with different 
methods The high percentage of hypoxanthme present may 
possibly be due to the smooth muscle fibers of the blood vessels, 
etc , for Saiki 8 found that the punnes of smooth muscle, as is 
the case with striated muscle, included hypoxanthme m prepon- 
derating amounts To determine directly whether connective 
tissue contains adenine or not, I have digested connective tissue 
obtained from ox-tails and from the tendon of Achilles of the ox 
with sulphuric acid, 135 grams of connective tissue from the ten- 
don of Achilles, digested with 675 cc of 3 per cent sulphuric acid, 
yielded 10 5 mgs of guanine, 25 5 mgs of adenine picrate, equrv- 
alent to about 10 mgs of adenine It seems certain, therefore 

’ Sieber and Dnerzgowsla Zetlschr f phytiol Chan , Ixu, p 259, 1909 
* Saiki This Journal, n, p 483, 190S 
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that some of the adenme and guanme in muscle must come from 
the connective tissue m it It is possible that the large amounts 
of adenme and guanine obtained by Mendel and Leavenworth 5 * * * 
in embryo pig muscle, and also the high percentage of guanine 
found by Kossel 10 m embryonic calf muscle, may really be due to 
the very high percentage of connective tissue m these embryonic 
muscles rather than to any specific feature of the muscles them- 
selves It is interesting to note that Saiki 11 found a trace of ade- 
nine in extract of smooth muscle — a substance not usuallynotedm 
extracts of striated muscle — and immediately afterward points 
out that smooth muscle contained very much more connective 
tissue than does striated muscle 

In order to further identify the guanine obtained from the various exper 
iments, the picrate was made Wulff 11 stated that guanine picrate begins 
to decompose gradually at 190°C , but the guanine picrate I obtained 
decomposed at nearer 2G0°C Guanine was then prepared from the fresh 
thymus gland of the calf, by digesting it with 3 per cent sulphuric acid 
by volume, precipitating with copper sulphate and sodium bisulphite 
The solution obtained by breaking down the copper purine was concentrated 
and the guanine precipitated from the hot solution bv making it furl) 
strongly ammoniacal After filtering off the mother-liquor the guanine w os 
dissolved in hot dilute sulphuric acid and again precipitated wh Ie hot 
with ammonia in excess, filtered, and again this process was repeated 
It was then changed into the silver salt and washed with ammonia, con 
verted into the hydrochloride and evaporated carefully over a water-bath 
until yust dry This hydrochloride was then dissolved in hot water and 
filtered through hardened paper, and the picrate made by adding to it a 
solution of picric acid This picrate also decomposed gradually from 
about 255 to 260°C The following table compares the behavior of adenine 
and guanine picrates on heating 

Adenine picrale 

At 240°C a trifle more brown than 
at first, and kept growing darkei 
very slowly indeed 
At 275°C still brownish yellow 
At 280° to 2SI°C decomposed by 
turning rapidly black and melt- 
ing 

5 Mendel and Leaxenworth Loc cil 

"'Kossel Zatschr f physiol Chon , vm, p 404, 1SS3-4 

11 Saiki Loc cit 

12 Wulff Zexlschr f physiol Chcm , xvii, p 4GS, 1893 


Guanine picrate 

At 200°C began to grow slightly 
more brown 

At 212°C much more brown 
At 235°C orange 
At 240°C chocolate 
At 252°C browm 

At 258° to 2 GO C turned slowly 
quite black and melted 
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In tins work it was found more convenient to make the picrales of ade- 
nine, guanine or hypoxanthme bj adding a saturated solution of picncacidto 
the acid salt of the purine rather than the sodium picrate so often advised 
A slight excess of the mineral acid did not interfere m anj waj with the 
reaction and it was found much easier to distinguish the punne picrates from 
the crystals of picric acid than from the needle-like crystals of sodium 
picrate m those cases in which for some reason or other the solution had 
to be xerj stronglx concentrated When picnc acid is added to even a 
strong solution of guanine hjdrochlonde, no clouding is usuallj observed 
but m a verj short time the extremelj insoluble guanine picrate separates 
out as well defined crystals which soon sink to the bottom of the solution 
When picnc acid is added to adenine hj drochlonde or sulphate, there is 
an immediate clouding of the solution due to the formation of verj fine 
crjstals of the ademne picrate, and these crjstals do not settle out at all 
readil> The difference therefore between the two is well marked, although 
both picrates when once formed are extremelj insoluble 11 W hen dned at 
10o°C the guanine picrate alwaxs appears as sparkling crxstals which do 
not readilj gixe up their vater of crjstallization even when heated above 
110°C, l< while ademne picrate, dried, shows nobnlhancj and apparentlx read- 
il\ gixes up all its water at a little oxer 100°C ,s Guanine picrate seems to 
crjstalhze in several forms The tree- or fern-like form, described so well 
bj Wulff, 11 has a distinctlj redder appearance than ademne picrate, but those 
in the forms of long needles or platelets have the same color as ademne 
picrate The redder, tree-like crjstals xxere carefullj picked out with a 
fine pair of forceps and placed in another receptacle, and when recrj stal- 
bzed from a little distilled water, came out as the lighter-colored platelets 
The meltmg point determinations were all made on the jellower tjpe 
Usuallx guanine picrate dissolxes xerj slowlj in ammonia xxhile 3demne 
picrate dissolxes almost immediatelj Hj-poxanthine also forms picrates 
of two forms — it sometimes appears as silkj threads but more often as 
short, thick, six-sided crjstals •' ks its solubihtj, however, is xerj much 
greater than either that of ademne or guanine, there is xerj little danger of 
contaminating the picrates of the txxo latter with hj-poxanthine 


H1POXANTHINE 

Bj the digestion of fresh meat xxith dilute sulphuric acid xxe 
find that hypoxanthme is a normal constituent of muscle, but 
obxiouslj xxe cannot thus learn anything concerning the condition 
of ihis hypoxanthme x\ bile m the hxang tissue Rohd6 and Jones 15 

11 Bruhns Zc1.sc/1r / physiol Chrm , mx , p 533, 1S90 W ulff loc cil 

" \\ ulff Loc cil 

15 Bruhns Loc cit 

» Wulff Loc cit 

1 W ulff Loc at 

l5 Rohdt and Jones Loc at 
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stated that hypoxantlnne is probably formed in the muscle itself 
without the action of adenase, while Scaffidi , 19 Mendel and Leaven- 
worth , 20 Kennaway , 21 and Krukenberg 22 speak of "free purines” 
or “free hypoxantlnne” of muscle Most of the investigators 
using the term “free purines” seem to mean by that any punne 
not directly connected with a protein, or with a coagulable pro- 
tein (see Scaffidi), but we know that there are several substances 
m commercial meat extract, such as mosimc acid, carnine, mosin, 
etc , which are neither compound proteins nor m any sense free 
hypoxantlnne, although easily yielding the latter on decomposi- 
tion No reference was yet found which really considered care- 
fully whether the so-called “free hypoxantlnne” found m the 
muscle was free or not, for it is obvious that a method like that of 
Kruger-Schnud 23 as ordinarily carried out cannot be relied upon 
for such determinations The first problem was therefore to see 
how much mosimc acid was present m fresh meat The principal 
methods given for the preparation of mosimc acid are briefly as 
follows 

Liebig’s Method 21 The cold extract of fresh meat was boiled to coagu- 
late the proteins, and then the filtrate was evaporated to a very small vol- 
ume at a low temperature to crystallize out the inosmic acid 

Haiser’s Method The commercial meat extracts as boiled with abso- 
lute alcohol and the mosimc acid in the insoluble residue was precipitated 
as the silver salt after the elimination of all the phosphates with barium 
hydroxide Levene’s modification 26 of this consisted in extracting w ith 95 
per cent alcohol instead of absolute 

Bauer’s Method 27 The water solution of commercial meat extract, 
after clearing with immal charcoal, was freed from phosphates with barium 
acetate and hydroxide, and the mosimc acid was precipitated in an alkaline 
solution with basic lead acetate 


13 Scaffidi Biochcm Zcitschr , xxxiu, p 247, 1911 

20 Mendel and Leavenworth Loc cit 

21 Kennaway Biochemical Journal, v, p 18S 1910 

22 Krukenberg li nlcrsuchunqen aus dem pliysiologischcn Institul dcr 
Universilat Heidelberg, m, p 217, 18S0 (ref from Mendel and Leaienwortb) 

23 Hoppe-Seyler-Tierfelder, Handbuch d physiol-chcm Analyse, mi, P 
435 (ref from Frankel’s Descriptive Biochcm ) 

:i Liebig Ann d Chcm u Pharm , l\u, p 257, 1847 
25 Haiser Monalsh f Chcm, xvi, p 190 1S95 

26 Levcne and Jacobs Ber d dcutsch chcm Gescllsch , xh, p 2704, 1998 

27 Bauer Beit? z chcm Physio 1 , \, p 345, 1907 
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Haiser and Wen zed’s Method 53 The commercial meat extract, alter 
freeing from phosphates, was neutralized and the inosimc acid precipi- 
tated with basic lead acetate 

All but the first of these methods start with the commercial 
meat extract and not with the fresh meat, and the only one which 
starts with the meat itself has beenfound to yield uncertain results 29 
The following method in which boiling, long evaporations, and 
acidity are avoided, was therefore adopted m this work 

A. rabbit was ethenzed-and hilled by bleeding, and its muscles were sepa- 
rated as quickly as possible The meat was then ground twice, and extracted 
with its own weight of cold, distilled water five times, allowing the meat to 
soak ten or fifteen minutes for each extraction The meat was filtered 
through cloth, and squeezed as dry as possible each time, and the same 
cloth was used for all the filtrations When the extractions are made with 
hot water, gelatin and other undesirable substances are also extracted 
which are difficult to separate from the inosmic acid The umted filtrate 
was then heated to 65°C to coagulate some of the proteins and filtered 
through paper To the clear filtrate a saturated banum hydroxide solu 
tion was added to precipitate the phosphates and sulphates, and also most 
of the remaining proteins The precipitation of proteins by banum by drox- 
ide has alreadv been used by Peters 50 m his preparation of thymus nucleic 
acid and has been found to be an extremeh convenient reagent in this work, 
Mhen the lurther addition of the banum hydroxide caused no more pre- 
cipitation, the solution was warmed to 45 or 50°C with constant stimng, 
to make the precipitate form a coagulum which was easily filtered off The 
filtrate was then exactly neutralized with dilute acetic- acid and basic lead 
acetate immediateh added to precipitate the inosmic acid, until all pre- 
cipitation just ceased An excess of basic lead acetate is to be avoided 
as it dissoh es the precipitate After the precipitate had settled the liquid 
was decanted into a filter and the precipitate washed once or twice by decan- 
tation with distilled water, pouring all the water through the filter Finallv 
all the precipitate was also carefulh washed into the filter Thenthepaper 
with the lead precipitate in it, was placed in a beaker containing a little 
water and was beaten into a pulp, special care being taken that no large 
lumps of the lead precipitate remained After slightly warming this mix- 
ture, some clear saturated solution of banum sulphide was added drop b\ 
drop while constantly stirring until the solution just began persistentla to 
tarnish a well-cleaned siher coin when a drop of the solution was left on 
the coin one minute A large excess of banum sulphide is to be avoided 
as the barium sulphide constantly but slowly changes to banum carbonate 

5 Haiser and Wenzel Monalsh f Chcm , xxix p 157, 190S 

5 See Bauer, hoc cxi 
10 Peters This Journo!, x, p 373, 1911 
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when exposed to the an, and this precipitate is therefore sure to confaro 
mate the final product The solution w as then wanned to 60°C and filtered 
warm The filtrate was usually perfectly clear and apparently contained 
very little besides barium mosmate After thoroughly washing the preei 
pitate with warm water, the united filtrate wa* placed in a beaker with per 
pendicular sides and mixed thoroughly with five times its on n volume of Q o 
per cent alcohol, and then left covered for twenty-four hours In this ww 
the barium mosmate was precipitated quantitatively at the bottom of the 
beaker All the liquid that could be safely decanted was very caicfulh 
decanted off When this operation was well done, it saved a great deal of 
time as the subsequent filtration was always very slow The remaining 
liquid and the precipitate were then placed into a Buchner funnel provided 
with filter paper, and suction was applied All the precipitate that passed 
through the filter, and some was sure to go through at first, wns again 
placed on the filter until a perfectly clear filtrate was obtained This 
filtration was always extremely slow, but fortunately did not require 
much of the operator’s attention It was finally washed with absolute 
alcohol and ether and allowed to dry at room temperature The dn 
material was then separated as much as possible from the funnel and 
filter paper and the two last were carefully washed with a litlle hot water 


to dissolve out all the barium mosmate adhering to them The major por- 
tion of the precipitate was then transferred to the same water and after 
carefully breaking up all lumps, w as placed over a steam bath and constant^ 
stirred As soon as most of the material had dissolved, it was filtered hot 
through a small filter-paper Should the material not readilj dissolve in 
the amount of water present, a little more may be added, but a great evccss 
should not be added All the soluble products should easily dissohe 
without heating over 80°C After filtering, the filter paper w T as washed free 


of the precipitate <5n it with a little hot water and this precipitate again 
digested over steam a short time and again filtered hot The warm filtrate 
was allowed to cool slowly and was finally placed in the ice-chest After 
twenty-four hours or more, the crystals of barium mosmate were filtered off 
and allowed to dry at room temperature If the volume of mother-liquor 
was not too small, it was found advisable to concentrate it stronglj at 50 C 


and then again leave m the ice-chest for a second crystallization 


Haiser 31 in. Ins method warns us of the danger of adding an excess 
of barium hydroxide and states that all the mosinic acid may be 
lost as an insoluble basic barium mosmate by doing so In the 
article by Haiser and Wenzel 32 this statement is very much modified, 
but from the following experiment it seems evident that the caution 
is wholly needless Barium mosmate was dissolved in a little 
hot vater and barium hydroxide, a saturated solution, v r as added 


31 Haiser hoc cil 

3 " Haiser and Wenzel hoc cit 
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m gradually increasing amounts No precipitate, however, formed 
either m the cold or on heating moderately Then a clear solu- 
tion of saturated hydroxide was taken and some pure dry barium 
inosinate added to it and very gently heated All the salt dis- 
solved m the solution The solution was then carefully filtered 
through hardened paper, just neutralized with acetic acid and 
treated with a solution of silver nitrate The characteristic silver 
inosinate precipitate formed, uhich imm ediately dissolved on 
adding ammonia Of course, when the carbon dioxide of the air 
was allowed to act on the solution of barium inosinate m barium 
hydroxide, some barium carbonate was formed, but that was the 
only precipitate present even after standing several hours It 
seems evident therefore that no loss of mosinic acid need be feared 
from an excess of banum hydroxide 

In attempting to get a good method for the preparation of mo- 
sinic acid various reagents were tned The silver, copper and 
mercury salts were found unsuitable 

In concentrated solution of banum inosinate, neutral lead ace- 
tate gives a precipitate, but not when dilute, while basic lead ace- 
tate precipitates even from very dilute solutions One milligram 
of banum mosmate, dissolved m 15 cc of water gave a character- 
istic precipitate after ten or fifteen minutes A great excess of 
either neutral or basic lead acetate completely dissolves the pre- 
cipitate The basic lead salt is insoluble m cold water and prac- 
tically insoluble m hot It settles rather quickly and so can be 
easily washed by decantation It filters better than the silver 
salt and is not affected by light An excess of carbon dioxide, 
however, should Dot be present 

Basic lead acetate and ammonia is perhaps a still better pre- 
cipitating agent for mosinic acid but as this reagent precipitates 
also all the punne bases, gelatin, creatine, etc , which would ordi- 
nanly not be precipitated by basic lead acetate alone, the use of 
ammonia or any other alkali is to be at oided when the puntv of 
the mosinic acid is a consideration 

In the purification of barium inosinate when the substance does not read- 
ilj purify by repeated recry stallization with hot water, the crystals were 
dissolved in cold, very dilute, sodium hy dro-ade (about 0 3 per cent), after 
completely lrceing the alkali from all carbonates with banum hydroxide 
In this alkaline solution the banum mosmate dissolves rather readily, and 



Purines of Muscle 


230 

mav be recovered again after filtration by almost neutralizing the solution 
with dilute acetic acid As the barium inosmate lsnaturnll} e\{remelj 
faintly alkaline to litmus, the yield is larger if the neutralization is notquitc 
completed 

It is interesting to note that Haiser 33 states that he obtained 
from mosmic acid a substance agreeing m nearly all particulars 
■with Steudel's hypoxanthme, but differing from his description m 
that it was precipitated "with basic lead acetate In this Weidel 51 
seems to agree with Haiser, and cites the fact that Stadeler 55 
precipitated part of his xanthine with basic lead acetate On the 
other hand Rohd6 and Jones 36 recommended the use of this basic 
acetate to clear the solutions of substances other than purine--, 
and the same reagent was used m a method also previously fol- 
lowed by Neubauer 37 and others for the same purpose Later 
even Haiser 38 used the same reagent to separate the mosmic acid 
fraction from the carmne fraction without, however, withdrawing 
or explaining his first statement so far as I know It seemed vase, 
therefore, to obtain a better knowledge concerning this question 
Hypoxanthme was therefore prepared from the commercial Liebig s 
meat extract by precipitating it as the copper salt, and then as the 
silver salt which was next dissolved m boiling mtnc acid according 
to Neubauer’s method The silver nitrate salt of hypoxanthme 
which separated out was digested m weak ammonia, then broken 
down with hob dilute hydrochloric acid and the acid then evapor- 
ated away on a water bath The salt was then dissolved m water 
and carefully precipitated as the free base by just neutralizing 
the solution with sodium hydroxide 
Ten milligrams of this dry base was carefully dissolved m 10 cc 
of distilled water by heating, forming a 0 1 per cent solution, and 
to the cooled solution basic lead acetate prepared exactly as 
directed m the U S Pharmacopeia, page 267, was added, but no 
precipitate formed This, however, was a super-saturated solution 
from which crystals of hypoxanthme separated out nhen e 

33 Haiser Loc at 

5< Weidel Ann d Chem u Pharm , clvm, p 353, 1871 
55 Stadeler Ann d Chem u Pharm , cxvi, p 102, 1860 
” Rohd6 and Jones Loc at 

17 See Balke Journ f prakt Chem , civ (n s vlvn), p 552, 1893 
38 Haiser and Wenzel Loc cit 
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over night without the acetate Emil Fischer states that hipo- 
xan thine is soluble m 65 5 parts of boiling water, in 1415 parts of 
water at 19°, in 1370 parts of water at 23° 39 Even when 10 mgs 
was dissolved in 5 cc of water, a 0 2 per cent solution, no preci- 
pitate formed with the lead salt, but when a 0 4 per cent solution 
of hypovmtbine was tested, the basic lead acetate did cause a 
precipitation The precipitate dissoh ed agam w hen the solution 
was sufficiently diluted As the total purine content of the meat 
is generally thought to be about 0 2 per cent 40 it seems evident 
that when the weight of the water used for extraction equals the 
weight of the fresh meat to be extracted there is no danger of the 
basic lead acetate precipitating any of the free hypoxanthine 
This then gives a coni enient method of separating hypoxanthine 
from mosinic acid — a method already used and published by 
Haiser and Wenzel 41 

Two attempts to determine quantitatively the amount of mo- 
sinic acid m rabbit meat were made with the process given above 
The first time 0 48 gram of the barium salt, Ci 0 HjiBaN<PO a + 
7§ HjO, air dried, was obtained from 530 grams of meat, and 
the second time 01 er 0 60 gram from 580 grams of meat This 
points strongly to the conclusion that a large part of the hypo- 
xanthine must be in some other form besides that of mosmic acid 
if the total hypoxanthine content is anywhere near 0 2 per cent 
Indeed the fact that Bailee 43 by Neubauer’s method in which he 
also used the filtrate from solutions treated with basic lead acetate, 
could get large amounts of hypoxanthine, proves the same conten- 
tion 


DISTRIBUTION OF INOSINIC ACID 

Turning now to the distribution of mosmic acid in the different 
kinds of animals, we find that shortly after Liebig’s 43 discovery' of 
mosmic acid m 1S47, more or iess work was done to determine if 
the muscles of all animals contamed this acid or not In 1848 

s * Ref from Beilstein Handbuch d org Chem , Erganzungsband, m, 170S 

40 Scaffidi hoc ext , Bunan and Hall Zextsehr f physxol Chem xxxvm 
p 336, 1903 

41 Haiser and Wenzel Lo c ext 

4 Balke Loc ext 

41 Liebig Loc cii 
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Gregory 14 published the statement that he was unable to find 
mosmic acid m ox-heart, m pigeons, and m codfish, although he 
obtained fairly large amounts from some other animals A little 
later Schlossberger 45 was unable to find any m human flesh Since 
that time a vast amount of work has been done on the structure 
of mosmic acid by Haiser, Levene, and others, but very little 
seems to have been done concerning its distribution, except for 
the work of Creite, 46 so that Bauer 47 m 1907 still quoted Gregory's 
statement concerning the absence of mosmic acid m certain 
animals 

As it appeared a rather significant fact if mosmic acid were really 
absent m certain animals while present m their near relatives, a 
test was undertaken on the pigeon, which was the only one of 
Gregory’s animals easily available at the time The method 
followed was in general that of Haiser and Wenzel 48 with the excep- 
tion that meat, instead of meat extract, was used, and the washing 
of the lead salt was carried on considerably more, as this part of 
the work was done before the method given above for the prepara- 
tion of mosmic acid, was devised 

Five pigeons were etherized and hilled by bleeding, immediately cleaned, 
and the meat freed from bones was ground and extracted with water at 60'C 
several times The united filtrate was ti eated with saturated barium hydrate 
until no more precipitate formed 

The barium precipitated all the phosphates and most of the proteins in 
the solution The filtrate was made neutral with dilute acetic acid and 
then very faintly alkahne with ammonia Basic lead acetate was added 
until complete precipitation took place, but an excess was carefully avoided 
The precipitate was then washed by decantation n tall cylinders by ehang 
mg the water every three or four hours for several days The acid was now 
liberated with hydrogen sulphide m the cold, powdered barium carbonate 
was added, and the whole heated over steam The filtrate was next evapor- 
ated to a very small volume at about 50°C 

The resulting crystals were recrystallized until long beautiful platelets 
over a millimeter in length were obtained, which were m every respect 
exactly like those obtained from Liebig’s meat extract by Haiser’s earlier 
method 


44 Gregory Ann d Chem u Pharm , lxiv, p 100, 1848 

45 Schlossberger Ann d Chem u Pharm , Ixvi, p 80, 1848 

46 Zeitschr f rationale Med , xxxv\ p 195 
4 ‘ Bauer Loc cil 

48 Ha ser and Wenzel Loc ext 
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The yield was only about one-tenth of a gram and responded to all the 
usual tests for the barium salt of inosinic ac)d 

This method probably does not give even approximately quan- 
tatative results, but it leaves no doubt that inosinic acid is present 
m the pigeon, and all statements concerning the absence of this 
acid in birds or mammals, should, I think, be held m considerable 
doubt until some better and more quantitative methods be used 
Attempts were made to see if the smooth muscle tissue also con- 
tamed inosinic acid As Saiki 49 had already pomted out that hypo- 
xanthine constitutes there also the largest portion of the purine 
bases, the presence of inosinic acid was naturally expected For 
this purpose bladders from oxen just killed were taken, carefully 
trimmed from loose connective tissue, red muscle fibers of the 
neck, fat, etc , cut open and washed, then ground and treated 
exactly as was the rabbit meat It was found however that on 
heating the cold water extract the coagulum would not separate 
from the mother liquor as in the case of striated muscle, but formed 
a fine milky precipitate which almost prevented filtration This 
was found to be due to the lack of acidity of the extract of smooth 
muscle, for as showm by Halliburton and others , 50 the extract of 
striated muscle is always slightly acid, while that of smooth mus- 
cle 51 is not A few drops of weak acetic acid were therefore added 
and the solution vigorously stirred, which made the subsequent 
filtration very much easier On addmg basic lead acetate until 
precipitation completely ceased, it was found that the solution 
alw ays contained a fine suspension of some lead precipitate which 
would not settle even after hours of standing As the basic lead 
precipitate of inosinic acid settles almost completely under simi- 
lar circumstances, this milky solution was decanted off The 
heavier precipitate was treated wnth fresh water and the solution 
again decanted off after all the heavier precipitate had settled 
This was repeated until most of the fine precipitate had been 
washed away The subsequent treatment of the lead precipitate 
was conducted exactly as m the ca=e of rabbit meat No inosinic 
acid could be identified from the ox bladders, although the attempt 

” Saiki This Journal, n p 4S3, 190S 

M Halliburton Journ of Physiol , vui, p 133, 1887 

“ Vincent ZciPchr f physiol Chcm , vcov p 417, 1001-2 
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was made three times, using respectively 560 grams, 810 grams, 
and 2660 grams of the fresh bladder meat for the trials Some 
crystalline substance was indeed obtained but it did not give the 
mosmic acid tests tried above Whether there is any mosimc 
acid m smooth muscle or not, is therefore an open question but 
it seems evident that the amount must be much less than in the 
striated muscle fibers 


CONCLUSION 

From the facts previously stated, we conclude that muscle 
tissue contains small amounts of adenine and guanine, very hheh 
in the form of thymus nucleic acid, and that some of this, perhaps 
all of it, is found m tissues other than the striated muscle fibers 
themselves More guanine, however, is present than adenine 
The mosimc acid of striated muscle fibers represents only a 
fraction of the total hypoxanthine present, but we are not at all 
certain whether the remaining hypoxanthine is free, that is, uncom- 
bmed with any complex organic radicle, or not 
Inosmic acid is probably present m the striated muscles of 
all warm blooded animals, although in apparently very varying 
amount It may be absent m smooth muscle tissue 

Since the mosimc acid can be so easily obtained by extraction 
with cold water, it seems hardly probable that it is confined to the 
nuclei of the muscle cells This supposition is still more strength- 
ened by the fact that the nucleic acid in other tissues are found, 
after death at least, united with proteins m the form of nucleopro- 
tems, which are rather insoluble in cold water and which must be first 
digested with some alkali or acid to liberate the nucleic acid This 
is well shown by the method of Steudel and Brigl 5 - for the prepara- 
tion of guanyhc acid, also by Peter’s method for the preparation 
of thymus nucleic acid Inosmic acid, however, is obtained m 
fairly pure condition by precipitating the cold water extract of 
meat with basic lead acetate Inosmic acid therefore is probably 
a nucleic acid only from the chemical standpoint and not from the 
histological 


12 Steudel and Bngl Zeitschr / physiol Chcm , Ixmii, p 40, 1010 
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The introduction of cocaine into the organism is followed by such 
well defined symptoms that an almost specific influence upon the 
nervous system is indicated In the mam, it is to this aspect of 
its action upon the body that the very extensive literature 1 regard- 
ing this drug relates Definite knowledge of the effect of cocaine 
upon general metabolism is meagre although the picture presented 
by the cocaine habitud is sufficiently characteristic to lead one to 
infer that ultimately at least the nutritional rhythm must be altered 
The widespread employment of cocaine as an ingredient of various 
types of proprietary remedies and the large number of cases of 
cocamism makes pertinent at this time an inquiry into the in- 
fluence upon metabolism of the drug under discussion 

The obsen ation of Araki 2 that lactic acid appears m the urine 
m unusually large quantities after cocaine injections considered m 
connection with the findings of Wallace and Diamond 3 that cocaine 
causes vacuolization of the hver cells of rabbits suggested the pos- 
sibility of a disturbance in intermediary metabolism In the 
present paper the relation of cocaine poisoning to lactic acid out- 
put is shown and the influence of the nutritive condition of the 
animal upon this type of acidosis is discussed It is also demon- 
strated that m spite of the marked symptoms characteristic of 

* Cf Richet Dichonnaire de physiologic, iv, p 1, 1900 
5 Arab Zcitschr f phynol Chcm , xi, p 335, 1891 
1 Reported at the 19th Annual Meeting of the American Physiological 
Society, Ncn \orh, 1907 

2 35 
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chronic cocaine poisoning general metabolism is only slightly 
changed from the normal even though the quantity of drug admin- 
istered is sufficient to finally cause death These observations 
serve as a further illustration of the tenacity with which the organ- 
ism adheres to the fundamental laws underlying its metabolic 
processes, m other words, another example of the “factor of safety” 
principle is encountered m cocaine poisoning 

THE INFLUENCE OF COCAINE UPON METABOLISM, AS INDICATED 
BT ITS EFFECT UPON NITROGENOUS EQUILIBRIUM AND PROTEIN 
AND FAT UTILIZATION 

Methods The experiments were planned so that the animals 
(dog and rabbit) employed were kept upon a fixed diet and cocaine 
administered subcutaneously at a tune sufficiently long after a 
meal to avoid the danger of food being vomited During the first 
period of the experiments the drug was given once daily, later 
the animal was kept under the influence of cocaine the greater 
portion of each day by repetition of the injection 

Lactic acid was estimated by the Ryffel 4 5 procedure The 
Folin method as modified by Steel 6 was employed m the deter- 
mination of ammonia in the unne of rabbits The other deter- 
minations were earned out according to the well known meth- 
ods usually employed m this laboratory Unne was collected m 
twenty-four hour penods by cathetenzation (dogs) or by pressure 
on the bladder through the body wall (rabbits) Unless otherwise 
noted all unnes of dogs were acid in reaction to litmus The rab- 
bits’ urines were alkaline throughout 
Description of experiments Experiments 1 and 2 In these 
observations dogs 50 and 51 were kept for several days previous to 
the investigation upon the diet arranged for the experimental 
tnals m order to bring them as nearly as possible into a condition 
of nitrogenous equilibrium A fore-period was followed by an 
interval during which the animals received daily subcutaneous 
injections of cocaine hydrochloride (Kahlbaum’s crystalline pro- 
duct) dissolved m water In addition to a constant diet through- 
out the experiment the animals received, also, a fixed water intake 

4 Ryffel Journ of Physiol , xxxix, p v 1909-10 

5 Steel This Journal, viu, p 365, 1910-11 
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Protocol of Experiment 1 

Dog 50, weighing 12 8 kilos, was normal in every respect except that she 
was extremely deaf The diet consisted of 200 gr ams meat, 80 grams cracker 
meal, 40 grams lard, 10 grams bone ash, and 300 cc water The total nitro- 
gen intake am ounted to 7 40 grams nitrogen daily with sufficient fat and 
carbohydrate to yield approximately 70 calones fuel value per kilo of body 
weight Each day food was given at 9 30 a m and the first cocaine injection 
at 3 30 p m 

On October 80 the cocaine period was begun Just before the cocaine 
injection the rectal temperature was 38 6° C and two hours later had risen 
to 39 0° C The pupils showed extreme dilatation 

October SI In the morning the dog seemed normal and ate food with 
evident relish Temperature before cocaine administration was 38 6° C and 
had risen to 40 0°C twohourslater About45mmutesaftertheinjectionthe 
animal exhibited peculiar movements of the head which were constant 
The dog was extremely restless The pupils were greatly dilated 

October S2 The dog was apparently normal at meal time Symptoms 
after cocaine injection similar to those of previous days 
October SS Symptoms unchanged 

October 84 Rectal temperature at 9 30 a m = 38 8° C , just before 
injection at 3 30 p m = 38 6° C , at 4.30 p m = 40 9° C 

At 4 30 p m the heart action was very slow but strong Arhythmic 
beating was in evidence There was extreme dilatation of pupil The 
animal was very much excited and the head was constantly moved up and 
down Usually the animal was too deaf to pay attention to any sound, but 
at this tune it would respond to a call 

October S5 In the morning the dog appeared normal and devoured food 
as usual 

Temperature at 9 30 a m = 38 8° C , just before injection, at 3 30 p m 
= 38 8° C , at 5-00 pm = 41 1° C 

The movements of animal were more pronounced and there was much 
more excitation after cocaine a dminis tration than had been observed at any 
previous time The peculiar irregularity of the heart was again in evidence 
at 5 '00 p m although previous to the injection, the beat was normal . 
October SB The appetite of animal was ravenous 
Temperature at 9 30 a m = 3S 6° C , just before injection, at 3.30 p m 
= 3S6°C , at 4 00 pm = 41 6° C , at 54X) p m = 40 9°C 

It was apparent that the a nim al had become much more sensitive to the 
cocaine since the usual daily injection was followed by greatly augmented 
symptoms of excitation These lasted for a period of two hours 
October 87 The dog devoured food with apparent relish 
Temperature at 3 15, just before injection = 38 6° C , at 3 45 = 41 2° C , 
at 4 15 = 41 6° C , at4 45 = 409° C , at5 15 = 39 8° C 

The svmptoms of excitation and pupil dilatation appeared within fif- 
teen minutes after cocaine administration Apparently the peculiar head 
moi ements were caused by an attempt to push the head out of the cage 
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TABLE 1 

Experiment I — Dog 50 
Fore Period 
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TABLE 1 — Continued 


First Cocaine Period — Continued 
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Balances 
Fore Period 

... , . grams frsru 

Nitrogen m food 37 00 Ether extract m food 323 20 

Nitrogen in excreta Ether extract m feces 6 09 

Urine 30 78 

Feces 3 30 34 08 Fat utilized 317 11 

Fat utilization = 98 per cent 

Nitrogen balance +2 92 

Per day +0 58 

Nitrogen Utilization = 91 per cent 


First Cocaine Period 


Nitrogen in food 
Nitrogen in excreta 
Urine 

68 10 

grams 

81 40 

Ether extract m food 
Ether extract m feces 

front 

711 W 
17 S3 

Feces 

Nitrogen balance 
Per day 

8 07 

76 17 

4-5 23 
4-0 47 

Fat utilized 

Fat utilization = 98 

693 21 
per cent 


Nitrogen utilization = 90 per cent 


Second Cocaine Period 


Nitrogen m food 
Nitrogen m excreta 
Urine 

27 21 

grams 

29 60 

Ether extract in food 
Ether extract in feces 

fframs 

2oS 5G 
13 9o 

Feces 

3 55 

30 76 

Fat utilized 

244 Cl 


Fat utilization = 94 per cent 

Nitrogen balance — 1 16 

Per day — 0 29 

Nitrogen utilization = 88 per cent 

toward the light During the remainder of this period which was concluded 
on October 31 no new features developed 

It was planned to begin the second cocaine period on October 31 by giving 
two injections of the drug, at 12 00 m and4-00p m respectively Thefirst 
injection caused vomiting which contaminated the urine This period was 
therefore, commenced on the next day, November 1 On this date cocaine 
in doses of 128 mgrms each was administered at 3 00 p m and 5 00 p m 
Just previous to the first injection the temperature was 38 5 C , at 5 p m , 
40 0° C , at 6 00, p m , 40 9° C The dog was in a state of extreme activity 
during this time 

November 2 Cocaine was injected as on November 1 The conditions 
of the animal had, however, undergone a marked change since all movements 
were executed in a weak and uncertain manner 
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TABLE 2 
Dog 51 
Fore Period 


(Dai!> Intake of Nitrogen = 4 72 grams) 
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TABLE 2 — Continued 


Cocaine Period — Continued 


I) ATE 

g 

3 

O 

o 

V 

u 

o 

w 

03 

o 

ft 

H 

ft 

to 

o 

*-< 

« 

* 

V« 

ft 

o 

a 

URINE 

FECES 

Volume 

Specific Gravity 

Total Nitrogen 

ft 

© 

bO 

O 

5 

5 

a 

a 

o 

S 

a 

< 

Lactic Acid 

Weight 

Cl 

d 

& 

a 

o 

ta 

0 

2 

*«3 

e2 

O 

fit 

h 

M 

w 

b 

£ 

s 

■*» 

jo 

o 

a 

b 

Q 

1810 

mgms 

kxlos 

cc 


07718 

07718 

77107718 

gms 

07718 

per 

C87lf 

07718 

0mi 

December 













11 

123 

7 6 



4 21 


85 




3 89 

32 54 







(4 2) 







12 

123 

7 6 

FEffl 

■■tin 

4 50 


90 


EM 

Ktil 









(4 0) 







13 

123 

75 

■mi 


2 88 


79 

HE 

Dl 

45 









(5 5) 







14 

123 

7 5 

135 


3 15 

yiaE 


44 0 

m 

30 











20 0 

m 

40 



15 

123 

7 5 

145 


4 56 

Hlff: 

79 

49 0 

m 

49 









(4 1) 


■ 





Average 













per day 

123 


168 

1 033 

4 00 

0 17 

78 

25 0 

13 7 

45 

0 39 

3 25 





i 


(4 2) 




, 

i 













— 




Balances 




Fore Period 




0rO771S 


flrems 

Nitrogen in food 


28 32 

Ether extract in food 

243 60 

Nitrogen in excreta 



Ether extract in feces 

5 4G 

Urine 

25 69 




Feces 

2 10 

27 79 

Fat utilized 

238 14 

Nitrogen balance 


+0 53 

Fat utilization = 97 pei cent 

Per day 


+0 08 



Nitrogen utilization = 92 per cent 





Cocaine 

Period 


Nitrogen in food 


prams 

47 20 

Ether extract m food 

prams 

m oo 

Nitrogen in excreta 



Ether extract m feces 

32 51 

Urine 

40 02 



■ 

Feces 

3 89 

43 91 

Fat utilized 

373 40 

Nitrogen balance 


+3 29 

Fat utilization = 91 per 

cent 

Per day 


+0 33 




Nitrogen utilization = 91 per cent 





















Frank P Underhill and Clarence L Black 243 


November S The dog showed signs of diminished appetite Conditions 
remained unchanged 

November 4 Conditions about as usual Animal appears weak 
November 5 The dog died twenty -five minutes after the first cocaine 
injection Just before death the dog was m a state of extreme activity 
This was rapidly followed by a period of partial paralysis culminating m 
respirator} failure Further data concerning this experiment may be found 
in Table 1, pp 238-240 

Protocol of Experiment S Dog 51 
% 

A fox terrier bitch of 8 3 kilos was placed upon a fixed diet composed of 
125 grams meat, 60 grams cracker meal, 20 grams lard, 10 grams bone ash 
and 150 cc water for a period of 10 days previous to the actual fore period 
of the experiment The nitrogen content of this diet amounted to 4 72 
grains, the fuel value was approximately 69 calones per kilo bod} weight 
November SO On this date the fore period of six days was begun 
December 6 The cocaine period was commenced by the injection of 123 
mgms cocaine at 3 00 p m No rise m temperature could be observed 
The only symptoms noticeable were salivation and pupil dilatation 

December 7 About one-half hour after the administration of cocaine 
the dog became marhedl} excited, the bodily movements not being under 
perfect control Pupil dilatation was extreme and the arhythmic heart 
beat was evident 

Each da} up to December 12 the symptoms of excitement etc were 
noticeable but unchanged in character 

December IS Shortly after the cocaine injection the animal became 
completel} paral} zed m the hind-quarters The jaws and tongue were kept 
constantly in motion as though the animal was tasting something unpleas- 
ant The dog remained in this condition for several hours during which 
she appeared deaf and blind 

December IS The animal seemed normal although somewhat weak 
The weakness became more and more noticeable and on December 15 the 
experiment was terminated 

For other data associated with this animal see Table 2, pp 241-242 
DISCUSSION OF RESULTS 

From the details of the protocols and tables submitted it is 
apparent that the most obvious symptoms arising from cocaine 
injections m the doses given are distinctly of nervous origin A 
significant influence is also exerted upon the heat regulating mech- 
anism whereby the temperature is quite markedly increased for 
a short period after which there is a gradual return to the nor- 
mal® With daily doses of 10 mgms of cocaine hydrochloride 

* Reichert Ccnlralbl f d med Wissenschaften, 1889, p 444 
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per kilo of body weight no appreciable influence can be detected 
upon the course of nitrogenous metabolism nor upon the utiliza- 
tion of protein and fat although body weight shows an appreciable 
decline 

When injections of 15 mgms cocaine per kilo are daily admin- 
istered fat utilization is very slightly impaired and is accompanied 
by a decreased body weight Doses of 20 mgms per kilo per daj 
divided into two injections show a fairly distinct detrimental in- 
fluence upon both protein and fat utilization and for the first time 
a slight negative balance was m order Body weight was marked!} 
diminished under this dosage 

The water excretion of Dog 50 was quite distinctly diminished 
under cocaine when compared with that of the fore-penod Tins 
finding does not hold true for Dog 51 The difference may be 
explained perhaps by the fact that Dog 50 was apparently much 
more sensitive m its reaction to cocame with respect to the tem- 
perature raising influence than was Dog 51 Assuming this to be 
true more water was probably eliminated by the lungs in the first 
case than m the second which would account for lessened uater 
elimination by the kidney 

THE INFLUENCE OF COCAINE UPON THE ELIMINATION OF LACTIC 

ACID IN THE URINE 

The presence of lactic acid m the urine in appreciable quanti- 
ties has been a subject of much investigation and discussion result- 
ing in a multiplicity of conflicting theories? with respect to its sig- 
nificance Out of the enormous literature 7 relative to lactic acid 
only a few references that have a bearing upon the present paper 
may be cited 

Thus, Araki 8 has demonstrated that lactic acid appears in the 
unne m the absence of a sufficient supply of oxygen induced by 
various types of toxic compounds and epileptic seizures The older 
work of Spiro 9 indicating that increased muscular activity leads 
to lactic acid excretion finds confirmation m the recent invest iga- 

7 Ryffel Quarterly Journ of Med , m, p 413, 1909-10 

8 Araki loc ext 

3 Spiro Zeilschr f physiol Client , i, p 111, 1877 
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tions of Ryffel 10 and Feldman and Hill u According to the latter 
authors the appearance of lactic acid in the urine may be greatly 
diminished by breathing oxygen before and after exertion They 
conclude that the increased production of lactic acid by the muscles 
is due to oxygen want, a view that was earlier denied by Ryffel u 
Viewed from the standpoint of ultimate origin, it is possible that 
lactic acid is intimately associated with the carbohydrate store of 
the body , for Araki found, under the experimental conditions, less 
lactic acid m the urme of starving animals than could be dem- 
onstrated in the urme of those well fed On the other hand, 
phosphorus, which leads to a disappearance of the carbohydrate 
store, causes a large output of lactic acid which may be accompan- 
ied by an increased elimination of ammonia ls It is presumed that 
the increase of the latter unnary constituent is for the purpose of 
neutralizing the lactic acid produced 

In the experiments to be recorded the rabbits were kept upon a 
diet consisting of 300 grams of carrots and 20 grams oats which 
experience had demonstrated would usually be entirely eaten each 
day 

Experiment S Rabbit B 

During each day of the fore period this animal left small portions of the 
carrots uneaten After the subcutaneous cocaine injections no food was 
ever left For the first two days of the cocaine period no evidences of ab- 
normal symptoms were observed On the third day, however, there was 
considerable dilatation of the pupil Beginning with N ovember 9, the tenth 
da\ of administration, irritability and restlessness were noticeable The 
appetite remained good, all food being eaten shortly after the dadv cocaine 
administration About 10 minutes after cocaine injection on November 11 
the animal was seined with convulsions and respiration almost ceased, but 
recovery was complete three-quarters of an hour later On the succeeding 
two day s convulsions were m evidence shortly after cocaine administration, 
but m each instance recovery was complete The a nim al died in a convul- 
sion on Nov ember 14 The liver which was immediately excised contained 
8 per cent of gly cogen 

From the data m Table 3 it will he observ ed that the injections of cocaine 
were progressively increased from approximately 15 mgms per kilo to 20 


10 Ryfiel Jour n of Physiol , xxxix, p xxi\, 1909 

" Feldman and Hill Journ of Physiol , xlu, p 439 1911 
"Ryffel Journ of Physiol , \xxlx, p xxix, 1909 

11 Mandc! and Lusk Arncr Journ of Physiol , xvi, p 129,1906 
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TABLE 3 
Rabbit B 


Fore Period 


DATE 

1 

DAILT 
DOSE OF 
COCAINE 

BODT 

WEIGHT 

1 


URINE 



Volume 

Specific 
Gta\ Ity 

Total 

Nitrogen 

Ammonia 

Nitrogen 

1 Lsctl 

1 Add 

1910 

m^ms 

kilos 

cc 


grams 

moms 

njnt 

October 







; 

26 


2 38 

200 

1 016 


2 5 

9 








r 

27 


2 38 

110 

1 025 


18 

1 8 



i 






28 

• 

2 34 

120 

1 024 


1 8 









1 

29 


2 32 | 

105 

I 025 


1 8 




I 






30 


2 32 

125 

1 025 


l 14 

12 


! 

1 






Average 

■ 1 

1 

\ 






per day 

1 1 

2 34 , 

132 | 

1 023 

0 88 

1 8 

10 



1 

1 

1 



1 

1 

(0 21) 



Cocaine Period 


31 

33 

2 32 

125 

1 025 

0 90 

1 0 

t 

! 11 

November 

1 

34 5 ; 

2 32 

160 ! 

1 021 

0 97 

(0 11) 

1 08 

11 

2 

! 

34 5 

2 32 

! 

1 190 


0 93 

(0 19) 

2 7 

13 

3 

34 5 

2 32 

j 1 

1 215 j 


1 

0 30 ! 

(0 29) 

2 7 

, 10 

4 

1 

34 5 

2 32 

l 

215 | 

1 019 


(0 33) 

2 3 

1 

1 13 

5 

34 5 

' 2 32 

! 1 

1 250 I 

1 015 

0 71 

(0 31) 

2 7 

12 

6 

34 5 

2 32 

I 1 

210 1 

1 016 

1 

0 73 

(0.8) 

1 8 

14 

7 

46 


1 i 

185 ' 


0 67 

(0 24) 

1 8 

12 

8 

57 6 


210 1 


0 59 

(0 27) 

1 S 

15 




| 



(0 30) 





[ 1 




— “ 



















Frank P Underhill and Clarence L Black 247 


TABLE 3— Continued 
Cocaine Period— Continued 


1 

DAILY 
DOSE OF 1 
COCAINE 1 

I 


TRINE 

DATE 

BODY 

■WEIGHT 

Volume 1 

Specific | 
Gravity 1 

Total 

Nitrogen 

Ammonia 

Nitrogen 

lactic 

Acid 

3910 

mgm* 

k\los 

re 


grams 

mgms 

mgms 

November 

9 

69 

2 26 

235 

1 015 | 

i 

0 61 

1 8 
(0 30) 

26 

10 

89 

2 22 

195 

1 020 ] 

0 61 

6 3 
(1 0) 

25 

11 

101 

2 24 

180 

j 1 020 

[ 0 63 

1 8 
(0 28) 

33 

12 

101 

1 2 28 

200 

1 024 

i 0 82 

1 

1 1 
(0 13) 

39 

13 

101 

2 30 

185 

1 024 

1 0 88 

1 

1 

1 1 
(0 12) 

51 

i 

Average 
per day 


2 29 

196 

j 1 018 

0 75 

a 

9 


* Figures la brackets Indicate percentages of total nitrogen 


mgms on November?, to 25 mgms per kilo on November 8, to 30 mgms 
on November 9, to 40 mgms on November 10, and finallj to 45 mgms per 
kilo on November 11 Frequent tests throughout the cocaine period failed 
to demonstrate an appreciable rise in rectal temperature 

Experiment i Rabbit C 

This animal behaved in a manner very similar to Rabbit B A rise m 
rectal temperature of about 0 5° C was the maximum mcrea e shown dur- 
ing the period of observation The dailj dose of cocaine given vaned from 
approximate^ 10 mgms per kilo on November 29 and 30, to 20 mgms on 
December 1 to 6 inclusive, and from this time to the end of the experiment 
th<* animal received approximatelj 34 mgms cocaine per kilo body weight 

From the data in Tables 3 and 4 with rabbits and those in 
Tables 1 and 2 with dogs, it is evident that cocaine causes an 
appreciable increase m the elimination of lactic acid m the urine 
In a general waj the quantity of lactic acid thus excreted is m 
direct proportion to the amount of cocaine injected The output 
of ammonia, however, does not appear to be significantly increased 
by the augmented elimination of lactic acid, an indication that m 
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TABLE 4 
Rabbit C 


Fore Period 
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TABLE i — Continued 



DAILY 

BODT 

WEIGHT 



T7RTVE 



D 1 TE 

DOSE or 

COCATNE 

Volume 

Specific 

Gravity 

Total 

Nitrogen 

Ammonia 

Nitrogen 

Lactic 

Acid 

1910 

December 

mg ms 

kilos 

C£ 


grams j 

1 

771 5 ms 

mg rax 

5 

45 

2 30 

215 

1 022 

0 93 

4 5 
(0 49) 

30 

6 

45 

2 30 

215 

1 022 

0 80 

5 4 
(0 67) 

33 

7 

75 

2 26 

205 

1 022 

0 74 

6 3 
(0 85) 

33 

8 

i 75 

2 24 

225 

1 020 

0 72 

8 1 
(1 12) 

36 

9 

1 75 

j 2 26 

1 

190 

1 024 

0 83 

9 0 
(1 OS) 

40 

10 

! 75 

1 

, 2 30 

230 

1 020 

0 95 

9 0 
(0 94) 

42 

Average 
per day 


1 2 26 

226 

1 022 

i 

0 99 

5 5 
(0 55) 

30 


Figures in brackets Indicate percentages of total nitrogen 


this connection lactic acid may be neutralized by some base other 
than ammonia This is particularly true for dogs, but does not 
hold quite so well with rabbits, for with Rabbit C the output of 
ammonia paralleled closely the elimination of lactic acid 
The influence of diet upon lactic acid elimination under the 
experimental conditions may be indirectly inferred from the data 
of Table 5 obtained from Dog 52 during a period of inanition 
Here it will be observed that m spite of largely increased doses of 
cocaine lactic acid output fell considerably' The larger quantities 
of lactic acid excreted during the first few days of the experiment 
may perhaps be explained on the assumption that the carbohy- 
drate store of the body during this mterv al had not been depleted 
As soon as this condition had been reached a diminution m lactic 
acid output took place These results are m harmony with the 
theories outlined by Araki, but are m opposition to the observa- 
tions reported for pernicious vomiting of pregnancy' where lactic 
acid is eliminated 14 m the urine probably as a result of the ina nition 

14 Underhill This Journal, n, p 4S5, 1906-07, see also Underhill and 
Rand Are5 of Ini Med , \ , p 61,1911 
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TABLE 5 

Dog 52 — Inanition 


! 

DAI LA 

BOD1 

URINE 

DATE j 

I 

DOSF OF 

COCAINE 

WFIGHT 


Specific 

Total 

Ammonia j 

Lactic 

! 



Volume 

Gravltj 

Nitrogen 

Nitrogen | 

Acid 


moms 

kilos 

cc 


grams 

1 

QTam 

m}ru 

1910 








November 








10 

120 

10 2 

160 

1 050 

6 57 

0 31 

41 







(4 7)* 


11 

120 

10 2 

120 

1 058 

4 23 

0 39 

38 







(9 2) 


12 

120 

9 9 

180 

1 025 

3 06 

0 34 

39 







(11 1) 


13 

120 

9 6 

140 

1 035 

2 73 

0 26 

36 







(9 5) 


14 

120 

9 3 

\ 200 

1 040 

4 92 

0 31 

32 

15 

150 

9 0 

/ 






120 





(6 3) 


16 

2x150 

8 9 

70 

1 030 

1 80 

0 13 

13 







(7 3) 


17 

2 \ 150 

8 8 

160 

1 030 

3 60 

0 25 

21 







(6 9) 


18 

2x150 

8 6 

100 

1 018 

0 48 

0 03 

5 







(6 2) 


19 

2x150 

8 5 

100 

1 020 

3 25 

0 12 

25 







(3 6) 



* Figures In brackets Indicate percentages of total nitrogen 

which accompanies this pathological state The observations 
noted above are also opposed to the results obtained m phosphorous 
poisoning 15 a condition in which carbohydrate is almost missing 
from the liver and blood On the other hand, hydrazine v 1( j 
behaves in a manner similar to phosphorus with respect o i 
influence upon the carbohydrate of the organism does not ea 
the appearance of appreciable quantities of lactic acid m t our) 
From these contradictory results it is apparent that lactic aci mu 
have a diverse origin under the different conditions men lone 
The ammonia content of the unne voided by the dog mas a e 
inanition was not greatly influenced by the cocaine mjec 10 " s 
did not bear a direct relationship to the elimination of lac 

i» Frank and Isaac Arch f exp Path u Pharm , Kiv, p 374, 19» 

16 Underhill This Journal, p 159, 1911 
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From the observations here recorded the conclusion may be 
drawn that the appearance of lactic acid m increased quantity 
during coc ain e poisoning is probably associated with the attendant 
increased muscular activity induced by the action of the drug upon 
the nervous system What relation augmented lactic acid out- 
put bears to lack of ovy gen as claimed by Araki is a problem dif- 
ficult of decision unless one accepts the view put forth by Feldman 
and Hill 17 that increased muscular work results m a decreased 
amount of ovygen in the muscles, which in turn causes an increased 
production and subsequent evcretion of lactic acid 

It is also apparent that in cocaine poisoning greater quantities 
of lactic acid are eliminated by given doses of cocaine to well-fed 
a nima ls than occurs under the same conditions during an interval 
of starvation The average elimination of lactic acid during co- 
caine poisoning in a state of inanition was less than that of other 
animals maintained m a well-fed condition, but without cocaine 
administration It seems probable, therefore, that during cocaine 
poisoning, carbohydrate material may be intimately associated 
with the production of lactic acid 

CONCLUSIONS 

In confirmation of previous investigation, it is found that co- 
caine introduced subcutaneously into dogs causes a temporary 
but significant increase in body' temperature 

With daily r doses of 10 mgms of cocaine hydrochloride per kilo 
of body v eight for short periods of time no influence can be de- 
tected upon nitrogenous metabolism nor upon fat utilization 

Fat utilization is slightly' unpaired and body- weight is consider- 
ably' decreased when daily injections of 15 mgms cocaine are 
administered 

When the dose of cocaine is increased to 20 mgms per kilo 
body weight per day a distinct lowering of both nitrogen and fat 
utilization is noted This may' be accompanied by a slight nega- 
tn e nitrogen balance 

Lactic acid excretion in the unne is markedly increased m v, ell- 
fed dogs and rabbits as a result of cocaine injection In a starving 

1 rddmin and Hill loc at 

mn jovrsxb or biological cnEuisTirr tol xi vo 3 
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condition the dog eliminates less lactic acid after cocame injections 
than is excreted by the normal well-fed a nim al 

It is not unlikely that the increased lactic acid elimination after 
cocaine injections is associated with increased muscular activity 
induced by the drug 

The ammonia output apparently bears httle relation to lactic 
acid elimination under the experimental conditions 

Lactic acid and carbohydrate metabolism are presumably inti- 
mately associated although there are indications that lactic acid 
may at times arise from more than a single antecedent 



ON CREATINE IN THE URINE OF CHILDREN 


Bt OTTO FOLIN and W DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 
(Received for publication, February 29, 1912 ) 

In a recent communication from Mendel’s laboratory 1 Rose 
showed by means of an extended senes of analy ses that the urine 
of children usually contains relatively large quantities of creatine 
These observations are remarkable because they' apply only' to 
children and do not correspond to what is found m older people 
In adults creatine is believed to be eliminated only when much 
creatine is taken with the food or when there is an unustial disin- 
tegration of tissue matenals — a condition more or less the reverse 
of that prevailing in growing children 

In view of the unexpected character of the results obtained by' 
Rose we promptly repeated the work on three normal well nour- 
ished children belonging to one of us (Folin) We had intended 
to contmue the investigation further before publishing anything, 
but in view of the criticism of Rose’s findings expressed by Wolf 2 
and by McCrudden 3 and since our results completely verify' and 
also extend Rose’s observations we have decided to publish them 
non 

The subjects are Joanna, age 11, weight 38 K , George, age 8 
years, 8 months, weight 33 5 K, Teresa, age 3 years, 8 months, 
v, eight 16 K 

If the appearance of creatine m the urrne of children were essen- 
tially the result of carbohydrate starvation one would expect the 
night urine to be particularly' rich m creatme 

1 This Journal, x, p 265, 1911 

1 This Journal, x, p 473, 1912 

1 Journ of Exp Med,xx, p 110,1912 

-53 
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Creatine m Children’s Urine 


Experiment 1 The night urine obt amed on the morning of October 17 
1911, yielded per 100 cc of urine the figures recorded below (The children 
had had some meat the preceding noon but none for supper ) 


NAME 

1 

CREATININE 

CREATINE 


mgm \ 

mgm 

1 J 

52 0 

19 0 

2 G 

89 0 

22 0 

3 T 

87 5 

9 7 


‘ 1 



Experiment 2 The afternoon urines obtained from the same children 


about a week later gave the following figures (per 100 cc 

of urine) 

NAME 

1 

creatinine 


CREATIVE 

i 

mgm 


mgm 

1 J 

76 5 


46 5 

2 G ! 

66 0 


15 0 

3 T j 

16 3 


8 7 


In order to find out whether any hourly variation is present we 
next determined the creatinine and creatine for each hour from 9 in 
the morning till 3 in the afternoon m the urme obtained from one 
of the subjects, J The results are recorded in Experiment 3 


Experiment 3 
meat 

Breakfast 9 a m 

(no meat) , Dinner 1 15 p m , including 

TIME 

NOLUME 

creatinine 

CREATINE 

1 . " 


cc 

mgm 

mgm 

9-10 ; 

47 

34 8 

j 3 7 

10-11 

32 

28 8 

7 7 

11-12 

30 

25 2 

9 0 

12-1 

40 

28 0 

8 0 

1-2 15 | 

80 

30 4 i 

3 6 

2 15-3 15 1 

98 

24 1 

12 0 


' i i 


The most sinking point to be observed m the above results is 
the sharp and decisive rise m the creatine output, presumably as a 
result of eating meat at dinner The breakfast also, although it 
included no meat is followed by a nse rather than by a fall m the 
creatine output 
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We are inclined to bebeve that the creatine in children’s unne 
does not depend as Rose suggests on a peculiar carbohydrate 
metabolism but that it is due to an excessively high level of pro- 
tein consumption (in proportion to mass of muscles in the body) 
We know that the creatine output m response to creatine feeding 
depends very much on the level of protein metabolism maintained 
Whether the creatine is taken with the food, as in the experiments 
of Folin and of Klercker, or whether it comes directly from the 
tissues, as in fevers (and possibly also m starvation) may be more 
or less immaterial in view of the fact ascertained by us 4 that 
creatinine and creatine like urea and ammo acids 5 are promptly 
transported from the digestive tract to the blood and from the 
blood to the tissues We hope later to prove (or disprove) ex- 
perimentally the validity of this point of view e In this paper we 
wish merely to corroborate Rose’s interesting findings as to the 
fact that creatine is nearly always found in the unne of children 


Experiment 4 Twentj -four hour urine on a mixed diet including some 
meat at noon 


SAME | 

VOLUME 

j TOTAL NITROGEN 

CREATIN'! NX 

CREATIVE 

r 

1 

CC 

proms 

mgm 

j TflQTTl 

j 1 

1340 

10 1 

643 

258 

G 1 

1000 

11 6 

810 

90 

T l 

1 

680 

, 62 

219 

186 


‘ The absorption experiments with creatine and creatinine mil be de- 
scribed in detail later The creatinine we have traced from the intestine 
through the blood to the tissues by means of colorimetric creatinine estima- 
tions as well as b\ nitrogen determinations 
‘This Journal, xi, p 87, 1912 

* If the above hypothesis is correct it should be possible to reproduce m 
adults by forced feeding with protein which contains no creatine the condi- 
tion with reference to creatine found in children and it should also be pos- 
sible to obtain creatine free unne from children by reducing their protein 
consumption 
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Experiment 5 Twenty-four hour urine from mixed diets containing 
no creatine 


NAME 

DAY 

VOLUME 

total 

NITROGEN 

CREATININE 

CREATIVE 



CC 

prams 

mgm 

mgm 

J 

First 

1050 

7 8 

720 

160 

J 

Second 

1085 

7 8 

399 

140 

J 

Third 

955 

7 9 

477 

86 

G 

First 

790 

8 6 

620 

100 

G 

Second 

1330 

10 6 

385 

119 

G 

Third 

1075 

11 45 

481 

150 

T 

First 

850 

4 9 

190 

90 


Experiment 5 Night urine from Dr A H Wentworth’s children, 
Elizabeth, age 9 years, 6 months, and Charles, age 6, on a creatine-free diet 
The figures are given for 100 cc of urine 


NAME 

day 

NITROGEN 

creatinine 

CREATINE 



prams 

mgm 

mgm 

E 

Second 

0 86 

34 

3 

E 

Third 

0 85 

34 

3 

E 

Fourth 

1 17 

1 36 

4 

C 

Second 

0 96 

31 

4 

C 

Third 

0 75 

24 

6 

C 

Fourth 

1 

0 96 

30 

4 


Experiment 6 Through the kindness of Professor Wiener we are able 
to include m our determinations the morning urine obtained from his four 
healthy and unusually robust children, all of whom are vegetarians and have 
never eaten any food containing creatine — Norbert, age 17 years, 3 months 
Constance, age 13 years, 10 months, Bertha, age 9 years, 10 months, Fritz, 
age 6 As before the figures are given for 100 cc of urine 


NVME 


N 

C 

B 

F 


1 TOTAL NITROGEN 

] 

CREATININE 

CREATINE 

| grams 

mgm 

mgm 

\ 11 

115 

18 

0 7 

50 

S 

0 9 

55 

10 

0 5 

| 24 

11 



A NEW METHOD FOR THE DETERMINATION OF 
HEPPURIC ACID IN URINE 

B-i OTTO FOLIN and FRED F FLANDERS 1 * * * 
( From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, February 29, 1912 ) 

Bunge and Schmiedeberg’s well known method for the deter- 
mination of hippunc acid in urine was published m 1876 That 
method is neither accurate nor convenient It has survived evi- 
dently only because no one has succeeded in devising anything 
better The more recent methods which have been proposed from 
time to tune have been only modifications of that method They 
retain the tedious extraction by means of acetic ether and depend 
for their accuracy on the isolation of perfectly pure hippunc 
acid 5 

Benzoic acid is less soluble in water and much more soluble in 
organic solvents than is hippunc acid The quantitative extrac- 
tion of benzoic acid and its determination by direct titration m 
the organic solvent (chloroform) is a relatively simple, com enient 
and exact process for the determination of benzoic acid,® in prod- 
ucts far more difficult to handle than unne If hippunc acid 
could be conveniently hydrolyzed into beDzoic acid and glycocoll 
the determination of hippunc acid m urine might be made almost 
as simple as the determination of benzoic acid In our attempt 
to vork out a method for determining hippunc acid according to 
this scheme we met with mam unforseen difficulties and some sur- 
prises but the final outcome is, we believe, reasonably satisfactory 

Wlule it is generally recognized that it is possible to split hip- 
punc acid bj either acids or alkalies, the former are in practice 

1 Published with the approial of the committee as work done under a 

Bullard Fellowship, 1911-1912 

5 For the most recent modification see Dakin This Journal, vu, p 103 

1910 

' Fohn and Flanders Joum ofthcAmcr Chcm Soc , wnu, p 161,1911 
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Hippuric Acid Determination 


uniformly preferred for that purpose In fact hippuric acid i a 
tacitly assumed to be more stable in weakly alkaline than m neu- 
tral or acid solutions, for m preparing hippuric acid from urine 
some alkali (calcium hydrate or sodium carbonate) is generall) 
added before the mine is concentrated Definite data on the sub- 
ject we have not been able to find 4 It has not been our aim to 
furnish such data because our purpose was to accomplish the quan 
titative hydrolysis of hippuric acid m urine under conditions that 
would permit a rapid and convenient extraction of the benzoic 
acid from the resulting mixture In other words emulsion with 
the organic solvent used for the extraction was with us the most 
serious obstacle to be avoided and the hydrolysis had to be made 
with that end m new Incidentally w e have, however, ascertained 
a few specific facts as to the stability of hippuric acid which are 
worth recording They are contained m the table below 


WEIGHT 

OF 

HIPPURIC 

ACID 

1 TOTAD 
% OLUME 

1 

HTDROLTZING AGENT 

TIME AND 
TEMPERATURE 

HtTPDBIC ACID 
nrDHOt,YZED 

gram 

CC 



gram 

Tier cent 

0 2 

50 

0 01 gm NaOH 

16 hrs on water 






bath 

0 0058 

2 9 

0 2 

50 

0 025 gm NaOH 

16 hrs on water 






bath 

0 0066 

3 3 

0 2 

50 

0 05 gm NaOH 

16 hrs on water 






bath 

0 0116 

5 8 

0 2 

50 

0 25 gm NaOH 

16 hrs on water 






bath 

0 1966 

9S 2 

0 2 

50 

0 2gm Na 2 COj 

16 hrs on water 






bath 

0 0117 J 

515 

0 2 

50 

2 0 gm Na-COs 

16 hrs on water 






bath 

0 020s 

10 4 

0 2 

50 

2 gms urea 

16 hrs on water 






bath 

None 

None 

0 2 

50 

0 5 gm acetic acid 

16 hrs on water 






bath 

Trace 


0 2 

150 

Excess of milk of lime 

Boiled $ hr 

Trace 


0 2 

100 

Excess of milk of lime 

Boiled 3} hrs 

0 0092 

4 6 

0 03 

30 

4 5 gms HC1 

Boiled 14 hrs 

0 027 

00 0 

0 15 

75 

11 4 gms HCl 

Boiled 14 hrs 

0 1323. 

SS 2 

0 15 

70 

18 gms HNOj 

Boiled 1 i hrs 

0 1242 

) 

S2 S 


■•See, hem ever, Dessaignes Journ Pr Chcm , (1) x\x\u, P 244, 1S46 
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WEIGHT 

or 

HIPPUBJC 

TOTAL 

OLDME 


HTDROLTZI'N O AGENT 

TIME ANT> 
TEMPERATURE 

ACID 




_ 

ffr am 

« 




0 15 

70 

18 gins HNOj 

Boiled 3 hrs 

0 15 

70 

18gms HNOi 

Boiled 8 hrs 1 

0 15 

60 

; 

} 

9 mgs HNOi 
+0 2gm Cu(NOi). 

9 gms HNOi 

t 

Boiled 11 hrs 

0 15 

60 

} 

+ 0 2gm Hg 

9 gms HNOi 

Boiled ljhrs 

0 15 

GO 

\ 

+ 35 gms NaNOi 

Boiled 1J hrs 

0 15 

0 15 

60 

70 


9 gms HNOi 
+ 35 gms NaNOi 

18 gms HNOi 

Boiled 3 hrs 

1 

+ lgm Cu(N0 3 )i 

18 gms HNOi 

Boiled 1$ hrs 1 

1 

I 



0 15 

70 


1 gm Cu(NOi)i 

35 gms NaNOi 

1 

Boiled 14 hrs 1 

0 15 

70 

70 


18 gms HNOi 
( + 0 2 gm Hg 

IS gms HNOi 

1 

Boiled 3 hrs 1 

0 15 


( 35 gms NaNOi 

Boiled 3 hrs 

0 15 

70 


18 gms HNOi 

1 +0 2gm Gu(NO,)i 

1 

) 

Boiled 3 hrs 1 

0 15 

70 

50 


* 18 gms HNOi 

1 +0 2gm Cu(NOi). 

1 23 gms HNOi 

1 

j Boiled <1 hrs 1 

‘ 

0 05 


+ 0 2 gm Cu(NOi) 

| 23 gms HNO, 

t Boiled 4J hrs 

1 

0 10 

50 


1 +0 2gm Cu(NOi) 

J 23 gms HNOi 

Boiled 4^ hrs 

0 15 

! 50 


, +0 2gm Cu(NOi)» 

Boiled 45 hrs 

0 2 

| 50 


/ 23 gms NHO. 

1 +0 2gm Cu(NO,) 

Boiled 45 hrs 


HIFPURIC ACID 

ktdroltzed 

gram , 

0 1280 , 
0 1303 

percent 

85 3 

86 8 

0 0620 

* 

41 3 

1 

0 0240 

16 0 

0 620 

41 3 

0 1395 j 

93 0 

0 1257 J 

S3 8 

0 1411 

94 1 

; 

0 1227 

j 81 8 

0 1457 

97 1 

0 1441 

96 0 

0 1500 

1 

1 100 

1 

0 0504 

1 100 8 

1 

0 1000 j 100 

0 14S7 

( 

99 1 

0 1973 

9S 7 


The figures given in the above table shov. that while it is pos- 
sible to split hippunc acid quantitatnelj b\ boiling with mineral 
acids the treatment required for this purpose is rather heroic 
The quantitative decomposition is much more easily accomplished 
bj means of alkalies and there can hardh be any doubt but that 
hippunc acid is much less decomposed in the presence of dilute 
acids than in the presence of small amounts of alkali In view of 
these findings it is clearlj a mistake to render urine alkaline before 
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concentrating it when preparing hippunc acid from urine and still 
more so when the hippunc acid is to be extracted for quantitative 
determinations The lack of agreement among investigators on 
the transformation of benzoic acid to hippunc acid in the animal 
body is doubtless due m part at least, to losses of hippunc acid b} 
its transformation back mto benzoic acid m the urme, dunng the 
concentration of the latter 


In our method the hydrolysis of the hippunc acid is on the other 
hand an essential feature In fact we lost much time m expen- 
mentmg with various acids, catalyzers, oxidizing reagents, etc , to 
bring about complete hydrolysis before we discovered that the 
greater part of the hippunc acid is split while the urine is being 
concentrated on the water bath After having discovered such 
a convenient and effective method for splitting the hippunc acid 
it would seem that one should be able to merely acidify the urme 
and at once extract with chloroform Ultimately a way will 
doubtless be found to do this but so far we have been unable to 
accomplish it satisfactorily The extraction of the benzoic acid 
with chloroform is neat, clean, rapid and complete only when it is 
not complicated by emulsions The best way which we have found 
to eliminate the emulsion and the coloring matters of the unne 
is to boil the urine for several hours with comparatively strong 
mtnc acid 

The method in detail, as finally adopted, is as follows Measure 
100 cc of unne mto a porcelain evaporating dish by means of a 
pipette Add 10 cc of 5 per cent NaOH and evaporate to dryness 
on the steam bath (If the sample is placed on the bath at night 
it will be dry m the morniDg ) Transfer the residue to a 500 cc 
Kjeldahl flash by means of 25 cc of water, and 25 cc of cone 
HN0 3 Add 0 2 gram copper nitrate, a couple of pebbles or 
glass pearls and boil very gently four and one-half hours over a 
microburner 


The neck* of the flasks are fitted with Hopkins condensers, 
made from large test tubes which fit rather loosely A good current 
of water flowing through the condensers prevents loss of benzoic 


acid or change m concentration of the nitric acid The accom- 
panying photograph shows the arrangement of the apparatus 
After cooling the condensers are rinsed down with 25 cc o 
water, and the contents of the flask are transferred to a 500 cc 
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separatory funnel by the use of 25 cc more of water The total 
volume of the solution is now 100 ec Add to the solution sufficient 
ammonium sulphate to just saturate it (about 55 grams) Make 
four extractions with freely washed chloroform, using 50, 35, 25 
and 25 cc portions The first two portions may be used to further 
nnse out the Kjeldahl flask The separatory funnels may be 
shaken vigorously as there is practically no tendency to form an 
emulsion 
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The sodium ethylate is made by dissolving 2 3 grains of cleaned 
metallic sodium m one liter of absolute alcohol B It is advisable 
that it be slightly weaker rather than stronger than tenth-normal 

It may be standardized against purified benzoic acid m washed 
chloroform, or with certain restrictions againso tenth-normal hydro- 
chloric acid m aqueous solution In a recent contnbution, it was 
stated that the value found by titration in aqueous solution -was 
shghtly higher than that found by the chloroform 5 6 The cause of 
this variation has been traced to sodium carbonate, which is formed 
by the absorption of carbon dioxide The point has an interesting 
theoretical, as well as practical side A rather large quantity of 
the ethylate was gradually used with frequent opemng over a 
period of three months As it was nearly exhausted, quite a pre- 
cipitate was noticed in the bottom of the bottle At this juncture 
titrations were made against acid solutions of equivalent normality 
m order to test the standard 

The results appeared as follows 

Ten cubic centimeters ^ oxalic acid m chloroform required 5 55, 5 G and 
5 6 cc of the ethylate 

Ten cubic centimeters hydrochloric acid in aqueous solution required 
5 4, 5 4, 5 4 cc of the ethylate The ethylate was filtered, after which it was 
not quite transparent, but freed from nearly all the precipitated carbonate 
The titrations were repeated with results as follows 

Ten cubic centimeters oxalic acid in chloroform required 5 6 and 5 65 
cc ethylate Ten cubic centimeters aqueous oxalic acid required 5 52, 
5 55 and 5 58 cc sodium ethylate 

Ten cubic centimeters jg- aqueous hydrochloric required 5 55 and 5 55 cc 
ethylate 

To further emphasize the point, the same quantities of w oxalic 
solution m chloroform were titrated after adding 0 1 gram of drj 
sodium carbonate to each 10 cc oxalic acid required 5 5 and 
5 6 cc of the ethylate From this it is plain that the sodium car- 
bonate does not influence the titration in. chloroform, but of course 
does materially affect the aqueous titrations 

The following results may be cited as showing the agreement in 
duplicates obtainable by this method We believe that they are 

5 This Journal, vu, p 423 

6 Joum Amer Cheni Soc , xxxiu, p 1625, 1911 
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more nearly correct than are the figures obtainable by am other 
method 
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J 
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ON THE BLUE COLOR REACTION OF PHOSPHOTUNG- 
STIC ACID (?) WITH URIC ACID AND OTHER 
SUBSTANCES 

(preliminary paper ) 

Br OTTO FOLIN and A B MACALLUM 
(From the Biochemical Laboratory of Harvard Medical School, Boston, Mass ) 

(Received for publication, March 19, 1912 ) 

The beautiful blue color which is produced when phosphotung- 
stic acid and an alkali are added to unc acid lends itself unusu- 
ally well to quantitative work After several months spent in 
trying to devise a direct method for a colonmetnc determination 
of unc acid m unne on the basis of this reaction, we have reluc- 
tantly come to the conclusion that this is not feasible, because of 
the presence in unne of substances other than unc acid which 
give the same reaction In unc acid solutions the colonmetnc 
values obtained are sharply proportionate to the amount of unc 
acid present, and the color fades so slowly when the conditions 
are nght that we do not hesitate to pronounce the reaction 
eminently suitable for the determination of small quantities of 
unc acid The reaction is almost instantaneous and the color 
remains practically unchanged for almost ten minutes, so that 
no difficulty is expenenced m making the necessaiy quantitative 
comparisons by means of a colorimeter To secure the maximum 
color of the desired stability the strong alkalies usually employed 
in making the reaction can not be used, 3 saturated solution of 
sodium carbonate is very much better 
In the course of our further studies we have discovered that 
the color in question is given not only by uric 3cid but is charac- 
teristic of phenols, and that m the case of more complex aromatic 
compounds it is particularly, if not exclusiveh, those containing 
a by droxal group m the para position which gu e the color This 
discoiery has of course gnen a new turn to our im estigations 

=65 
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We believe that the reaction will be found fully as useful as 
Millon's for the detection of certain aromatic groups in protein 
substances, and that it has the advantage of being particularly 
suitable for quantitative work Among the substances which 
give the reaction may be mentioned phenol, tyrosine, tannic acid, 
thymol, orcm, resorcin, vanillin, and phloroglncm, besides a 
number of less definite protem materials 

A more detailed study of this interesting reaction and its 
application for the detection and determination of such aromatic 
products will be undertaken as soon as we get through with the 
uric acid work The best procedure which we have yet found 
for the determination of uric acid in urine is to precipitate the 
uric acid by means of silver sulphate and magnesia mixture, cen- 
trifuge, and make the color reaction on the precipitate m the 
presence of formaldehyde (The latter is added to reduce the 
silver ) 

It would be useless to describe the method m detail at the 
present time, for we have found that different samples of phos- 
photungstic acid (and phosphomolybdic acid) do not produce 
the same intensity of color In fact the material which produces 
the blue color with uric acid and with phenols is probably not 
phosphotungstic acid Whether it is a tungsten product at all, 
or some other substance present as impurity, we have not yet 
been able to determine for lack of material We have learned 
how to concentrate the active agent and to separate it from the 
greater part of the phosphotungstic acid, but more material and 
more wdrk will be required before we shall know what it is and 
how to get it free from the useless, as well as expensive, phos- 
photungstic acid 



STUDIES IN THE ACTION OF TRYPSIN 

I ON THE HYDROLYSIS OF CASEIN BY TRYPSIN 


BrE H WALTERS 

(From the Rudolph SprecUls Physiological Laboratory of the University of 

California ) 

(Received for publication, February 28, 1912 ) 

I INTRODUCTION 

(a) Objects of the investigation 

It is a well known fact that the digestion of protein is essentially 
a process of hydrolysis This reaction may be represented by the 
following schematic equation 

HXXOH + H O = HXOH HXOH 
Protein -f- water = amino acid + amino acid 

The mode of operation of this reaction is entirely beyond the 
category of our present knowledge The researches of Ennl 
Fischer 1 on the hydrolysis of the synthetic polypeptides will, 
it is hoped, throw some light on this question, for many of these 
synthetic products are known to be hydrolyzed by trypsin 

It has been found that this reaction proceeds at all tempera- 
tures in neutral watery' solutions free from a ferment or any other 
catalyser except, possibly', the ions of the water itself Taylor 2 
w orbing with sterile solutions of casern, protamine sulphate, and 
nucleoprotein in pure water and Robertson 3 working with casern 
hat e demonstrated directly that these bodies are hy'drolyzed at 

1 Emil Fischer Numerous papers in the Benchle der deulsch chem 
Gcsclhch , and m the Zcitschr f physiol Chem during the past decade 

’Taylor On Fermentation, Umv Calif Pub Pathol , i, p 97, 1907 

*T Brailsford Robertson The Proteins, Unir Calif Pub Physiol , 
in, p 174, 1909 (see footnote) 
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ordinary temperatures Robertson found that comparative]} 
rapid hydrolysis occurs when neutral solutions of the caseinates 
in. pure sterile water are kept at 36° C For a 2 8 per cent solu- 
tion of neutral sodium casemate the velocity constant (common 
logarithms being employed and time expressed m hours) uas 
found after twenty days at 36° C to be 0 000518 These 
observations are enough to show that a protein is not m equi- 
librium with its products 

Kuhne 4 pointed out that the portion of the albumin molecule 
which is readily dissociated by the action of trypsin contains 
a high percentage of tyrosine and tryptophane, while the portion 
which was not acted upon by trypsin is characterized by the 
presence of glycocoll and a carbohydrate radical The high 
tyrosine and tryptophane contents and the absence of glycocoll 
and a carbohydrate radical renders casein especially readily 
digestible The action of trypsin on caseinates m neutral or 
faintly alkaline solution is, therefore, one of the best examples 
among protein reactions of the action of an enzyme m accelerat- 
ing an already progressing chemical transformation 

Observations already made on the mode of the above reactions 
when accelerated by a proteolytic ferment and to which refer- 
ences will be made m loco indicate that the process of the hydroly- 
sis of proteins by trypsin or pepsin obeys the monomoleeular 
reaction formula during the initial stages of the reaction when the 
influence of the products of hydrolysis is practically ml 

This research was undertaken to determine, under more exactly 
defined conditions than hitherto, the influence of certain factors 
upon the hydrolysis of proteins by trypsin The objects of the 
investigation are three-fold, firstly, to ascertain the relation be- 
tween the time of hydrolysis and the amount of protein hydro- 
lyzed, secondly, to ascertain the relation between the ferment con- 
centration and the velocity of hydrolysis for different concentra- 
tions of protein, and thirdly, to determine the relation between 
the nature of the base combined with a protein and the velocity 
with which it is hydrolyzed 

Rigidly comparable solutions of the casemates can very readd} 

1 Kuhne quoted after Mann, Chemistry of the Proteins, Maepub an ' 
London, 1906, p 148 
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be prepared, 5 and m view of the useful properties of casein m 
studying the process of the hydrolysis of a protein by an enzyme, 
the ease with which it is attacked by trypsin, its accurate quanti- 
tative estimation, and since the action of trypsin on casein has 
already been studied somewhat extensively, I hat e held to this 
system m the present investigation 

(b) Influence of antiseptics 

It is obvious that in experiments of this character the solutions 
under investigation must be kept sterile by the action of an anti- 
septic which does not alter the course of the reaction or impede 
the action of the ferment It has been found by different observ- 
ers that toluol satisfies the conditions very satisfactorily Weis 6 
has found that toluol does not sensibly affect the action of tryp- 
sin or pepsin when used in just the quantities necessary to main- 
tain sterility On the contrary thymol, chloroform, formol, 
benzoic acid and salicylic acid slightly retarded the enzyme action 
Kaufmann 7 found that toluol, chloroform, thymol, and sodium 
fluonde destroyed the action of trypsin after a considerably long 
period of time, after twenty-four hours’ action, the most concen- 
trated solutions of the ferment were rendered inactive This 
effect, however, is not entirely due to the action of the antiseptic 
as it is well known that trypsin is veiy readily rendered inactive on 
standing in pure water, although the destruction of the ferment 
may he accelerated in the presence of an antiseptic Bayliss 8 
found that toluol slightly accelerated the action of trypsin during 
the course of an experiment and that chloroformhad no perceptible 
influence I used toluol in all of my experiments m the propor- 
tion of 0 2 cc to 100 cc of casein solution as it was found that 100 
cc of a 2 per cent solution of “basic” sodium casemate contain- 
ing this amount of antiseptic were still sterile after the lapse of 
three necks No systematic study' was made to determine the 
influence of the antiseptic but according to Weis the quantity' 
u^ed n ould not alter the reaction or the activity of the enzy me 

‘ T Bradsford Robertson Journ of Physical Chem , xn, p 377, 1910 
‘ eis Cornpt rend dcs trav du lab de Carlsbcrg, v p 133, 1900 
’ Kaulmann Zcilschr f physiol Chcm , -crux, p 434, 1903 
* Bnjliss The Kinetics of Tryptic Action, Arch sci biol (St Peters- 
borg, 1904), 11 Suppl , p 261, reprinted in the Collected Papers of the Physio- 
logical laboratory, Vnncrsity College, London, xni, 1903-5 
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(c) The influence of alkalies and acids upon digestion by trypsm 

It is now generally recognized that trypsin acts most energet- 
ically m faintly alkaline solutions although the evidence upon 
which this fact rests is extraordinarily at variance According 
to Heidenham 0 the action of definite percentages of Na : CO s 
vanes with the quantity of the ferment, but for moderate con- 
centrations the activity is most pronounced in solutions of 09 
to 1 2 per cent Na 2 C0 3 He also pointed out that the addition 
of 0 1 per cent HC1 to an aqueous extract of the pancreas entirely 
stops its action Kuhne 10 found that trypsin acts m HCl solu- 
tions up to 0 05 per cent, above which its activity ceased altogether 
In his experiments, however, its action was most pronounced in 
solutions of 0 3 per cent Na 2 C0 3 Mays” and Ewald 12 also found 
that trypsin could digest fibrin m the presence of 0 3 per cent 
HCl only when large amounts of the protein were present, and 
Mays confirmed the statement of Kuhne that trypsin is destroyed 
by pepsin and HCl On the other hand, Engesser’s 13 experi- 
ments show that pancreatic juice did not lose its digestive power 
by two hours warming with a gastric juice containing 0 5 per 
cent HCl Langley 14 conducted a series of experiments winch 
show that a glycerine extract of the pancreas when warmed for 
two and a half hours m solutions of 0 05 per cent HCl decreases 
considerably m its digestive power, a result diametrically opposed 
to that of Engesser’s Lindberger 15 found that fibrin was very 
slowly dissolved by trypsin m the presence of 0 012 per cent HCl 
and that the action of the ferment entirely ceased m the presence 
of 0 1 per cent HCl He also observed that weaker acids, as 
acetic and lactic, had a much less retarding effect than the 
stronger HCl and that tryptic digestion was rapid and in some 


9 Heidenhum Pfliiger’s Archiv, \, p 557, 1875 

10 Kuhne Verh Naturlnsl mcd Vcreins zu Heidelberg, 1877, p 193, 
quoted after Chittenden and Cummins, Amer Chem Journ ,vn, p 36, 18S5 

11 Mays Untersuch ad physiol Inslituhn Heidelberg, in, P 378,18 , 
quoted from Maly's Jahrcsbericht, \, p 299, 18S0 

12 Ewald Zcitschr f llin Med , 1, p 615, quoted from Maly’s Jahrcs- 
bericht, x, p 297, 1880 

13 Engesser Zeitschr f Klin Med , u, p 192, quoted from Maly s Jahrcs- 
benchl, \, p 297, 1880 

14 Langley Journ of Physiol , m, p 246, 1880 

15 Lindberger Maly’s Jahresbencht, \m, p 280, 1883 
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cases even more energetic in the presence of small quantities of 
these acids than m neutral solutions 

Chittenden and Cummins 16 found that the addition of Na»C0 3 
to 0 2 per cent increased the tryptic digestion of fibnn and be- 
tween 0 2 and 0 5 per cent Na 3 C0 3 the action was about the same 
and above 0 5 per cent the action was greatly retarded These 
authors also found that very small amounts of hydrochloric and 
salicylic acids greatly retard the action, its proteolytic action being 
retarded to a minimum before anj free acid is present Three- 
tenths per cent combined HC1 has a great retarding effect, and 
the same amount of combined salicylic acid plus 0 1 per cent free 
salicylic acid produces similar results Much smaller quantities 
of combined salicylic acid CO 06 per cent) have the same effect 
Combined hydrochloric acid has a greater hindering action than 
•>alicylic acid 

Vernon 17 observed that trypsin is very rapidly destroyed m 
0 4 per cent solutions of Na ; C0 3 His results indicate that a 
senes of “trypsins” might exist as different preparations were 
unequally affected by constant amounts of sodium carbonate, the 
least sensitive ones being more resistant to the action of the alkali 
The preparations were also more resistant to the action of sodium 
carbonate in the presence of large amounts of protem This 
statement was subsequent!}' confirmed by Bayliss and Starling 18 
Schierbeck 10 states that carbomc acid augments the action of 
trypsin in alkaline solutions since it diminishes the alkalinity of 
the solution 

According to Bajliss, 50 Kamtz, 51 Tajlor,- Robertson and 
Schmidt, 53 and Kudo 54 the influence of alkalies and acids is due to 

“ Chittenden and Cummins Amer Chem Joum , vn, p 36, 1885 

I Vernon Joum of Physiol , wro, p 427, 1900 

II Bajliss and Starling Joum of Physiol , xxxu, p 129, 1905 

” Schicrbeck SI and Arch f Physiol , m, p 344, 1892 

0 Bajliss The Kinetics of Tryptic action, Arch set biol (St Peters- 
burg, 1904) 11 Suppl , p 261, reprinted in the Collected Papers of the Umrer- 
sily College Physiological Laboratory, London, xui, 1903-5 

n Ivamtz Zcitschr f physiol Chem , xxxvu, p 75, 1902 

19ff' Ta5l ° r ° D Fennentatlon * Umr °f Cah f Pub Pathol , 1 , p 251, 
IPOs’ 1- Brailstord Robertson and C L A Schmidt This Journal, v, p 31, 

1 Kudo Biochcm Zcitschr , xv, p 473, 1909 



272 


Action of Trypsm 


the OH and H 10ns since it is recognized that in most ca^es the 
acids and alkalies act m proportion to their degree of dissociation 
Thus Kamtz has observed from the results of Dietz '’ 5 that the 
action of the hydroxides of Ca, Sr, and Ba upon tryptic digestion 
is a function of their degree of dissociation and that the optimum 
OH ion concentration lies between tV and xtc normal This is 
an observation almost identical with that of Vernon’s 26 although 
his result is expressed m terms of sodium carbonate as per cent 
In experiments on the digestion of protamine by trypsm Taylor 
learned by the aid of the gas cell that the most favorable initial 
concentration of alkali is that which is sufficient to neutralize 
about - 3 -(nrcr acid solution after neutralization of the products of 
the hydrolysis, which are slightly acid Kudo has found that 
trypsin acts best m neutral solutions and is inhibited by acids and 
alkalies in proportion to their degree of dissociation into B and 
OH 10ns Robertson and Schmidt made an investigation to de- 
termine the part played by the alkali in digestion by trypsin 
Sodium caseinate and protamine sulphate were used as substrate 
and the alkalimties of the digests were followed throughout the 
digestion and determined by means of the gas-chain It was 
found that the change in OH" concentration with time obeyed the 
monomolecular formula for all alkalimties above 10 ~ c normal 
and for concentrations less than this the velocity of the reaction 
diminished and the bimolecular formula held good Moreover, 
this value, 10" 6 n OH", at which the order of the reaction changes 
is independent of the nature of the protein or the initial concen- 
tration of the alkali It was concluded, therefore, that all alha- 
limties between Tinrcirurr and about tAh are equally favorable 
for tryptic action The latter value ttW, as we have seen, is 
the one determined by Taylor 

On the other hand the results of Berg and Gies 27 do not support 
this view although it was recognized that the H and OH 10ns were 
the favorable acid and alkali factors No regular results were 
obtained in equivalent solutions of different bases and it appeared 

15 Diet*. Einfiuss von Baryumoxyhydrat, Calciumoxyhydral, Slronhutn- 
oxyhydral auf die tryphsche Verdauung, Inaug Dissertation, Leipzig. WOO 

25 Loc cit For the calculation of this value consult Shield Zcitschr f 
physik Chem , \u, p 167, 1893 

57 Berg and Gies This Journal, 11 , p 489, 1906 
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that the cations or molecules (or both) exercised deterrent in- 
fluences 

L 0 eb- S explains the accelerating action of alkalies in tryptic 
digestion by assuming that the enzyme is a weak acid and upon 
the addition of alkali a salt is formed which is more strongly dis- 
sociated than the acid itself This latter is based upon the fact 
that salts of weak bases and acids are more highly dissociated 
than the free bases and acids themselves If the enzyme action 
is, therefore, due to the enzyme ion, its acting mass will be greater 
m the presence of enzyme salts 

In my experiments the initial OH - concentrations were under 
ngid control The solutions were made so that the proportion 
of base to casern = 80 X 10 “ 5 equivalents per gram These 
solutions are neutral to phenolphthalem, i e , faintly alkaline, 
the OH~ concentration being 10 -s K 29 


(d) Method of measurement 


Most of the conflicting data on the hydrolysis of proteins has 
resulted largely from the inaccuracy of the measurements In 
most of the investigations the mode of measurement has not been 
adequate to estimate the actual transformation since m nearly all 
cases the errors m the methods have ranged from 10 to 50 per 
cent In the majority of the studies some alteration m the physi- 
cal properties of the solutions such as electrical conductivity, 
viscosity, osmotic pressure, optical activity, etc , have been used 
as a means of determining the degree of hy drolysis Moreover, 
the chemical methods that have been employed have been based 
upon more or less empirical estimates m which the substances 
measured bore no direct chemical relation t-o the amount of sub- 
stance undergoingtransformation These methods will be alluded 
to throughout the paper m connection with the experiments 
m which they were employ ed 

The most reliable of the properties of the proteins for obtaining 
constants characteristic of them is undoubtedly the number 
representing the quantity of nitrogen bound up in the molecule 


51 Jacques Loeb Biochtm Zcilschr , -ox, p 534, 1909 
51 See T Brtuisford Robertson Journ of Phys Chcm , 
1910 


xx\ , p 528, 
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Casein can be very accuiately determined by making use of this 
reliable property and tins method has been used m this investiga- 
tion The numbers representing the quantity of nitrogen, ex- 
pressed m per cent, m purified casein from cow’s milk obtained 
by different investigators are practically identical as may be 
observed from the following figures 20 


Obson cr 


Hammarsten 
Chittenden and Paintei 
Lehmann and Hempel 
Ellcnbcrger 


Percentage of nitrogen la 
purified casein from 
con’s milk 

15 65 
15 91 

15 GO 

16 61 


Average 


15 70 


From the mean of six determinations on the anhydrous puri- 
fied casein used in the experiments described below I have ob- 
tained the number 15 81 To calculate the equivalent amount of 
casein from the nitrogen I have used the factor 6 4 which means 
that 1 cc alkali is equivalent to 9 mgs of casein The method 
actually employed was as follows 

The casein was precipitated from 100 ec of the solutions under investi- 
gation by a slight excess of rs acetic acid (made up approximately by 
diluting 10 cc of Kahlbaum’s glacial acetic acid to 1750 cc ) The quantity 
of acetic acid varied from 15 to 30 cc according to the quantity of casein in 
solution Not less than 15 cc was added even in the most dilute solutions 
of casern as a slight excess did not appear to affect the accuracv of the deter 
mination Furthermore, the nature of the filtrates is an index to the quan- 
tity necessary for complete precipitation The persistence of a cloudy 
filtrate after refiltering several times indicates incomplete precipitation 
which necessitates the addition of more acetic acid 

A cloudy filtrate which cannot be removed by repeated filtering very 
often results by directly precipitating casein m neutral or faintly alkaline 
solutions by acetic acid This cloudiness can be overcome by redissolving 
the precipitate in a slight excess of alkali and immediately re-precipitating 
with acetic acid, or by adding just enough j KOH (usually about 1 cc ) to 
remove the opalescence in solutions of this type and then immediately add- 
ing acetic acid in slight excess to completely precipitate the casein The 
latter method was adopted as it is more convenient and a clear filtrate 
always resulted when Schleicher and Schull’s No 590 "white band” filters 
were used A finely divided precipitate which often occurs when casein is 


30 Quoted after Mann Chemistry of the Proteids, p 397, MacMillan Co 
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precipitated in dilute solutions and especially in solutions of the hydroxides 
of the alkaline earths and which is difficult and often impossible to filter can 
be avoided if the acetic acid is added slowly (a few drops at a time) and the 
solutions vigorously shaken during precipitation and then allowed tostand 
for about an hour before filtering 

The precipitate was thoroughly washed by decantation and on the filter 
with distilled water as free of C0 5 and NHs as could be achieved by boibng 
and the filter paper containing the precipitated casein transferred to a 
Kjeldahl digestion flask and the total nitrogen determined according to the 
Kjeldahl method 31 


The following are some of the figures obtained by this method 
with purified anhydrous casern 


SOLVENT 

■WEIGHED AMOUNT OF CASEIN \ 

IN 100 cc 1 

ESTIMATED CASEIN 


t 

TO53 

mps 

NaOH 

86 

So 

NaOH 

238 

235 

NaOH 

854 

845 

KOH 

560 

556 

Ca(OH), 

324 

319 

Ca(OH)i 

93 

S9 

Ba(OH), 

738 

728 

Ba(OH) 

219 | 

212 


In obtaining the above figures it was necessary to work under 
conditions which would eliminate as far as possible the error due 
to hydrolysis If the solution m which the casein is dissolved is 
too alkaline the high concentration of the OH 10 ns causes rapid 
hydrolysis before the casein is completely dissolved On the 
other hand, considerable amounts of casein will be h> drolyzed in 
very dilute solutions due to the long period of time which has 
elapsed before the state of complete solution is reached Robert- 
son 3 '’ observed this fact in his studies in the electrochemistry of 
the proteins while measuring the conductivity of solutions of 
potassium casemate m solutions of varying OH ion concentra- 
tions, and it v, as found that the proportion, 10 cc of -&• KOH to 
I gram of casein, gave the most satisfactory results 

31 The Kjedahl method as described on page 5 of Bulletin No 107 (Re- 
' iscd) of the Bureau of Chemistry , U S Department of Agriculture, was 
strictly followed in making the nitrogen determinations 

” T Brailsford Robertson Joum of Physical Chcm , xiv, p 528,1910 
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I have used this same proportion for NaOH and KOH but as 
casein dissolves more slowly in solutions of Ca(OH) 2 and Ba(0H) z 
a large proportion of alkali to casein (15 cc to 1 gram) was re- 
quired In preparing the casein solutions, therefore, from -which 
the above results were obtained casein was dissolved m solutions 
of NaOH and KOH in the proportion of 10 cc of alkali to 1 
gram of casern and m solutions of Ca(OH) 2 and Ba(OH)» m the 
proportion of 15 cc of alkali to 1 gram casern Under these 
conditions hydrolysis would occur to a slight degree but I think 
the extent was reduced to a minimum The casein was estimated 
m 100 cc of the respective solutions immediately upon complete 
solution by the method outlined above 

II EXPERIMENTAL 

(a) General procedure 

The casein employed in all of the experiments was Eimer and 
Amend’s C P Casein “nach Hammarsten,” further purified ac- 
c ordmg to the method of Robertson 33 which is as follows 

Half a pound of the casein was triturated with about 12 liters of distilled 
water, the water being added in six successive portions On each addition 
of water the casern was well stirred up m it m a porcelain mortar and then 
allowed to settle, then the supernatant water was poured off and fresh water 
was added It was then washed m a similar manner m 5 kilos of Kahlbaum’s 
C P alcohol, 99 8 per cent, and then in 5 kilos of Kahlbaum’s C P ether, 
distilled over sodium The mortar containing the casein drained as free 
from superfluous ether as possible, 51 was then placed m an incubator over 
sulphuric acid at 40 to 50° C , the flame was turned out under the incubator 
and it was allowed to cool for about twenty-four hours The casein is non 
found, if these operations have been conducted carefully, to be in the form 
of a dry, pure white powder, still containing, however, a considerable qunn 
tity of ether The casein was now spread out, within the incubator, m n 
layer not over 1 cm deep, the flame under the incubator was lighted, fresh 
sulphuric acid was introduced if necessary, and it was allowed to stand for 
twenty-four hours at 40 to 50° C The casein is then found to be free from 
appreciable water or ether 

35 Ibid 

31 At this point it is necessary to avoid exposing the mortar to the mois 
air of the room a minute longer than is necessary, otherwise the er ap orat- 
ing ether causes condensation of sufficient moisture to spoil the produc 
unless it is again treated with alcohol and ether 
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Robertson finds that casern prepared in the above manner 
gives every indication of being a pure product In one instance 
the same author 5 finds that casern thus prepared loses 5 8 per 
cent of its weight when dried for five hours at 70 to 80° C I 
find that casern prepared as above loses 3 8 per cent of its weight 
after five hours’ heating at 70° C or 4 19 per cent after five hours 
heating at 100°C At 100°C , however, Lacqueur and Sackur 3 
find that casern is decomposed 

The commercial trypsin prepared by Grubler of Leipzig was 
used in all of the experiments This preparation contains a small 
insoluble residue and as more concordant results could be ob- 
tained with filtered solutions than with suspensions, filtered solu- 
tions were employed throughout, although they did not appear 
to be as active Taylor 37 also observed the same conditions m 
his experiments on the hydrolysis of protamine by trypsin 

The incubator used was the double walled type employed b> 
bacteriologists It was provided with two doors, the inner a 
glass door and an outer double walled one It would easily hold 
seventy-two Erlenmeyer flasks of 200 cc capacity, its inside 
dimensions being 36 cm deep, 45 cm wide, and 72 cm high A 
temperature, constant within 0 5°C , could be maintained through- 
out the course of an experiment 
Schleicher and Schull’s “white band” quantitative filters No 
590 (II cm ) were used throughout, as these were found to give 
an inappreciable blank m the nitrogen determmat ons and they 
held the precipitated casein especially well and filtration was 
comparatively rapid 


( b ) Relation between the time of hydrolysis and the amount of 
■protein hydrolysed 


Henri and Larguier de Bancels 38 have studied the digestion of 
gelatine and casern bj trypsin using the electrical conductmtj 


“ T Brnilsford Robertson This Journal, u, p 326, 1907 
" Lacquer and Sackur Beilragcz chem Physiol und Pathol 
1902 


ui,p 193, 


” Tajlor On the Hydroljsis of Protamine with Especial Reference 
to the Action of Trypsin, Unir Calif Pub Pathol , 1 , p 7, 1904 

" Scan and de Bancels Compt rend aead sci , c vvxvi , pp 10S8 and 
15S1, 1903 
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method as measurement They followed the curve only fort} 
minutes, however, but during this brief interval it was found that 
the process of tryptic digestion follows the law for monomoleculnr 
reactions The constants were also m fair agreement in senes 
with two different substrate concentrations Furthermore, their 
results confirm the hypothesis that the action of trypsm is not a 
pure catalytic reaction and that an intermediate compound is 
formed between the trypsin and substrate 

Bayliss 39 has investigated extensively the progress of the action 
of tiypsm on casein and gelatine by the electrical conductivity 
method He prepared an eight per cent solution of sodium case- 
mate and to 6 cc of this solution were added 2 cc of f ammonia, 
2 cc of a 2 per cent solution of trypsin, and a few drops of toluol 
The conductivity was measured at different times and its in- 
crease at 39° C plotted m a curve which tends to become asymp- 
totic to the base line, indicating that the velocity of the reaction 
approaches zero, and that an equilibrium point is reached before 
the reaction is completed A mathematical analysis of his re- 
sults shows that the velocity constant calculated from the mono- 
molecular equation diminishes somewhat rapidly during the 
course of the reaction The following are some of the values 


obtained when the equation K 


1 , a 

-log 10— 7 
l ct 


-, m which i is 


the time which has elapsed since the beginning of the reaction, 
a is the initial concentration of the substrate, and x is the amount 
of products formed during the time t, so that a — x is the sub- 
strate concentration at the end of the time t, is applied to the rate 


of hydrolysis 


First ten minutes K = 0 0070 

Second ten minutes K = 0 0040 

Third ten minutes K — 0 0032 

Fourth ten minutes K = 0 0022 

Fifth ten minutes IC = 0 0010 

Seventh ten minutes Iv = 0 0000 

Ninth ten minutes K = 0 0007 


59 Bayliss The Kinetics of Tryptic Action, Arch des sci hwl , A 
Suppl , p 261, 1904, reprinted m the Collected Papers of the Physiologic a 
Laboratory, University College, London, \m 
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This phenomenon was due either to the retarding action of the 
products of hydrolysis or to the destruction of the trypsin or to 
both factors simultaneously Bayliss worked with very alkaline 
solutions and this high degree of alkalinity must have caused a 
very rapid destruction of the trypsin 

In a very extensive mi estigation on the hydrolysis of casein by 
trypsin Robertson 40 by a different method found that the action 
of trypsin on calcium caseinate obeys the monomolecular formula 
during the first stages of the reaction The amount of casein 
digested was estimated by a volumetric method based upon the 
fact that whenever a solution containing casein is neutral to 
phenolphthalein the proportion of base to casein = 80 X 10" 5 
equivalents per gram, i e , using phenolphathlem as indicator, 1 
gram of casein is almost exactly equivalent to 8 cc tit alkali solu- 
tion Briefly, the method consisted m dissolving the casern, 
which was precipitated by acetic acid, in a slight excess of a 
standardized Ca(OH) 2 solution and subsequently titratmg the 
uncombmed alkali with a standard solution of HC1 From the 
results obtained the method appears to be a very accurate one 
This method has been used by Hart 41 m estimating the quantity 
of casein m milk 

With the new of throwing further light on this question, the 
following experiment was undertaken 

Seven liters of a 0 4 per cent solution of "basic” sodium casemate were 
made by dissolving 2S grams of purified casern m 224 cc of NaOB and 
diluting to 7 liters with distilled water free from carbon dioxide and 100 cc 
placed m Erlenmeyer flasks of 200 cc capacity provided with tightly fitting 
rubber Btoppers Sixtj -six flasks all of the same land, lightly stoppered, 4 
were placed in the incubator and after the solution in each flask had reached 
the temperature of the incubator, as indicated by a thermometer immersed 
in the liquid, 0 2 cc toluol and 1 cc of a 0 2 per cent filtered solution of tryp- 
sin were added to each flask which was tightly closed and returned to the 
incubator and digested at 37 5° C =*= 0 5° Three samples to which no tryp- 
sin had been added were taken out and the casein determined in the usual 
way and is considered as the initial amount of casein present Three sam- 
ples were taken out and the casern determined in each after every fifteen 


40 T Brailsford Robertson This Journal, u, p 317, 1907 

41 Hart This Journal, vi, p 445, 1909 

4 The flasks should not be closed tightly while being wanned, otherwise 
the increasing pressure may cause them to break 
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minutes for the first three hours, after every half hour for the ncxtthree 
hours, and after every hour for the next three hours so that the reaction 
was followed for nine hours after 82 29 per cent of the casein had been com- 
pletely hydrolyzed To reduce the error of handling such a large number 
of samples to a minimum I proceededin the following way Toluol wasfmt 
added to each flask after its contents had arrived at the temperature of the 
incubator, tightly closed, and replaced m the incubator One sample at a 
time was then taken out, the trypsin solution added by means of a wanned 
pipette, and the time accurately noted This sample was replaced in the 
incubator and allowed to digest for 9 hours The second and third sam 
pies were withdrawn in like manner, the trypsm solution added, and the 
flask replaced and allowed to digest for nine hours The next three samples 
treated exactly the same were allowed to digest for eight and one-half hours 
This process was continued so that the last three samples were only allowed 
to digest for fifteen minutes I repeated this operation three times on a 
small scale before the actual experiment was inaugurated and found that I 
could handle it very convemently with the smallest possible error 

If this reaction obeys the law of mass action, the rate of change 
at any moment will be proportional to the concentration of the 
casein at that moment according to the equation 

^.K(a-z) <» 

dt 

where a is the initial amount of casein present, x the amount of 
it hydrolyzed m time t, and K the velocity constant Integrat- 
ing this expression, we get 

— ln{a — x)= lit + constant 

At the beginning of the reaction, t = o, x = o, and we have 

— In a = constant, 

In a — In (o — x) = Kt 


i a—x 

Now from the values of a — x obtained it is possible to cal- 
culate the velocity constants at different times Instead of using 
natural logarithms I have used common logarithms throughout 
which is 0 4343 times the natural The following were the re- 
sults obtained when equation (2) is applied to the rate of hydro - 


ysis 
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TABLE I 


TIME IN 
yn votes 

CASEIN DIGESTED 
ii.,: 

UVDIOESTED CASE- * 
j IN IX a— X , 

a 1 

LOO 19 , 

a— x 

K 


mgt 

i mjl j 




0 

0 

367 ; 




15 ' 

22 

! 345 1 

0 02685 

18 

X 10~‘ 

30 

38 

1 329 

0 04747 

16 

X 10~‘ 

45 

54 * 

, 313 

0 06913 

15 

X 10~‘ 

60 

65 

302 

0 08466 j 

14 

X io~‘ 


75 

292 

0 09929 j 

13 

X 10~‘ 

90 

84 

283 

0 11288 

12 

5 X 10~‘ 

105 

94 

273 

0 12851 

12 

x 10-' 

120 

104 

263 

0 14471 

12 

x 10-' 

135 

115 

252 

0 16327 

12 

X 10-' 

150 

133 

234 

0 19545 

13 

X 10-' 

165 

142 

225 

0 21249 

13 

x 10-' 

ISO 

, 150 

217 

0 22S21 

12,5 X 10~' 

210 

1 174 

' 193 

0 27911 

13 

x 10-' 

240 

183 

184 

0 29985 

12 5 X 10~« 

270 

194 

173 

0 32662 

12 

x 10-' 

300 

221 

146 

0 40032 

1 13 5 X 10~‘ 

330 

234 

133 

1 0 440S2 

13 

X 10-' 

360 

254 

113 

0 51159 

14 

X 10-' 

420 

278 

89 

0 61528 

14 5 X 10~‘ 

480 

292 

To 

0 6S961 

14 

X 10-' 

540 

j 302 

. 65 
i 

0 75176 

14 

X 10~‘ 


This number Is the mean of two determinations 


With one exception the figures m the second column are each 
the mean of three determinations These results suffice to show 
very clearly that the velocity of hydrolysis at any moment is 
proportional to concentration of the casein at that moment The 
slight lagging of the constant at the beginning of the experiment 
is in all probability due to some uncontrollable error in handling 
the experiment during such short intervals with the method 
employed and which would gradually be eliminated during the 
progress of the experiment The results indicate, also, that the 
products of hj drolysis have very little, if any, influence upon the 
velocity of the reaction Fig I, m which the ordinates represent 
the amount of casein hj drolyzed in milligrams and the abscissae 
the time m minutes, shows the point in these experiments more 
lucidly 
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(c) The relation between the concentration of the trypsin and the 
velocity of hydrolysis for different concentrations of protein 

The literature on the relation between ferment mass and the 
velocity with which a protein is hydrolyzed is strewn with many 



contradictory statements This confusion resulted largely from 
the use of the oft-described method of Mette 43 m determining t ie 
rate of hydrolysis This method consists m subjecting shor 

<3 Mette quoted after Samojloff, Arch des sex biol de St Petersburg, 
n p 707, 1893 
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capillary glass tubes containing a solid protein such as fibrin or 
egg-albumin to the action of a ferment and measuring the quantity 
of protein dissolved This method has been criticised by Taylor 4 * 
who has shown that it possesses only a qualitative value for work 
of a physico-chemical nature Moreover, the very limited knowl- 
edge concerning the nature and mode of action of ferments led 
to many questionable experimental conditions with respect to 
acidity, alkalinity, or salt content of the digests or the influence 
of various external factors which have recently been brought to 
light and shown to have a very considerable influence on the ve- 
locity with which a protein is hydrolyzed by an enzyme 

"With the accumulation of facts pertinent to the chemical na- 
ture of the proteins, methods have sprung up whereby purer and 
much simpler substrates admitting of a more accurate measure- 
ment can be obtained The more recent observers, therefore, 
concur m stating that the velocity of protein hydrolysis by an 
enzyme withm a short range of temperature, and for certain con- 
centrations of substrate, is directly proportional to the concen- 
tration of the ferment provided the latter is not rapidly destroyed 
by high concentrations of acids or alkalies 
As early as 1859 Brucke 45 studied the digestion of fibrin by 
pepsin and observed that the digestne power increased slowly 
as the quantity of pepsin was mcreased up to a certain limit above 
vhich additional quantities of pepsin had little or no effect 
This early observ ation by Brucke was confirmed by' the subse- 
quent m\ estigation of Maly',' 6 Mayer, 47 Ellenberger and Hof- 
meister 4S and Klug 49 

Bonssoff 50 in 1S91 In the aid of Alette’s method, found that 

u Taylor On the Hydrolysis of Protamine with Especial Reference 
to the Action of Tripsin, Umv of Calx f Pub Pathol, 1 , p 7,1904 

45 Brucke Sitzungsber TTien Al ad , xxxvu, p 131, 1859, quoted after 
Samojloff Arch dcs set biol de St Petersburg, n, p 701, 1893 
41 Maly Hermann’s Handbuch der Physiol , v, (2) p 73, 18S1 
47 Ma-ver Zcitschr f Biol , xvn, p 351, 1SS1 

41 Ellenberger and Hofmeistm- Arch f TTm u pract Thierhall w, 
p 1S5 1SS3, quoted after Carl Oppenheuner, Ferments and their Action, 
Eng trans b\ Mitchell, London, 1901, p 95 
49 Klug P finger’s Archil, K, p 43, 1S95 

10 Bonssoff La substance zymogene dc la pepsme cl sa transformation 
cn pepsinc active, (Thesis in Russian) St Petersburg, 1891, quoted after 
Samojloff, 1 rch dcs set biol dc St Petersburg u, p 705, 1893 


Tltr JOHRN At, or BIOLOCICA.L CnEUBTRT 1 OL, XI NO 4 
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the rate of digestion of egg-albumm by trypsin was proportional 
to the square root of the quantity of trypsm present, aDd Samoj- 
loff 61 using the same method found the same rule to hold good 
only m dilute solutions E Schutz 62 showed that the velocity 
of the hydrolysis of fibrm by pepsin was proportional to the square 
root of the quantity of the ferment when the quantity varied as 
1 to 64, and Jul Schutz 53 finds that this rule holds for the peptic 
digestion of egg-albumin, and Walter 54 and Vernon 55 confirm it 
for digestion by trypsm 

In 1895 Sjoqvist 55 introduced a new method for determining 
the velocity of hydrolysis of proteins by ferments He noted the 
changes in the electrical conductivity m solutions of egg-albumm 
when acted upon by pepsin and hydrochloric acid In his experi- 
ments four different concentrations of pepsin were allowed to 
act upon constant concentrations of egg-albumm at 37° C and 
the conductivity of the different solutions measured at given inter- 
vals He found that the rate of hydrolysis during the first stages 
of the reaction was proportional to the square root of the mass 
of pepsin 

On the other hand Schutz and Huppert, 57 Pollok, 58 and Saw- 
jalow 5 ' by the aid of Mette's method were unable to confirm the 
rule of Schutz but found that the quantity of digested protein 
was proportional to the quantity of ferment Loeblem 60 found the 
rate of hydrolysis proportional to the square root of the quantity 
of pepsm and directly proportional for trypsin He employed 
the acidimetnc method of Volhard 61 which consists m precipitat- 
ing the undigested casein by sodium sulphate from solutions of 

51 Samojloff Arch des set biol de St Petersburg, u, p 699, 1893 

52 Emil Schutz Zeitschr f physiol Chem , ix, p 577, 1895 

63 Julius Schutz Zeitschr f physiol Chem , \x\, p 1, 1900 

5< Walter Arch des set biol de St Petersburg, vu, p 1, 1899 

68 Vernon Journ of Physiol , \xvi, p 405, 1900 

85 John Sjoqvist Shand Arch f Physiol , v, (part 111 ), P 354, 1 

87 E Schutz and Huppert Pfluger’s Archiv , Ixw, p 470, 1900 

88 Pollok Beitr z chem Physiol u Pathol , m, p 95, 1904 

89 Sawjalow Zeitschr f physiol Chem , xlvi, p 307, 1905 

60 Loehlem Beitr s chem Physiol u Pathol , vn p 120, quote a e 
Taylor, Umv Cahf Pub Pathol , 1 , p 243, 1907 . 

81 Volhard Munch med Wochenschr , Nos 49 and 50, 1003, qn 
after T Brailsford Robertson, This Journal, 11 , p 328,1907 
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casein hy drochloride, and subsequently titrating the quantity of 
free acid in the filtrate 

Faubel 62 by the aid of the same method found that digestion 
by trypsin was proportional to the concentration of the ferment 
Fuld 63 and Gross" found that the time required for digestion by 
trypsin is inversely proportional to the quantity of ferment 
Gross followed the reaction by noting the moment at which the 
digesting solution ceased to give a precipitate with 1 per cent 
acetic acid Palladia 63 has recently studied digestion by trypsin 
and found that when a protein is in a state of solution the amount 
hydrolyzed is directly proportional to the concentration of the 
ferment The author made use of the following method A 
solid protein (fibrin) was dyed with “spirit blue, blue shade” and 
immersed m a solution of trypsin It was found that as hydroly- 
sis proceeds the solution becomes colored proportionately to the 
amount of protein dissolved By making colorimetric compari- 
sons with solutions of known concentrations the amount of pro- 
tein digested was estimated The method was also employed 
to determine the quantity of trypsin m solutions of unknown 
concentrations 

Weis 66 earned out some experiments on the digestion of the 
protein from wheat by means pf malt extract In some of his 
expenments the concentration of protein was vaned as well as 
the concentration of the ferment (trypsin or pepsin) It was 
observed that within a certain limit the amount of protein digested 
was proportional to the quantity of acting ferment above which 
it varied as the concentration of the substrate Arrhenius 67 
and Euler 68 have calculated the constants from the results ob- 
tained by Weis and Arrhenius concludes that the quantity of 
protein hydrolyzed is inversely proportional to the square root of 
the substrate concentration The somewhat complicated sys- 

* Faubel Beilr zur chem Physiol u Pathol , x, p 35, 1907 
51 Fuld Arch f exp Pathol u Pharm , Inn, p 468, 190S 
“ Gross Arch f exp Pathol u Pharm , lvm, p 157, 190S 
“ Palladia Pfiugcr’s Archie, cxxxjv, p 337, 1910 
“ Weis Compl rend des trav du lab d Carlsberg, v, p 133, 1900-03 
• 7 Arrhenius Immunochemistry, p 84, MacMillan Co , New York, 1907 
" ~ ul '- r Allgcmcine Chemie der hnzyme, p 130, Wiesbaden, Verlag 
'on J F Bcrgmann 
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tern (substrate and ferment) used m these experiments renders 
the results not very convincing 
Henri and Larguier des Bancels (loc at ) and Bayliss (lo c cif ) 
by the electrical conductivity method confirmed the rule of 
direct proportionality for the tryptic digestion of gelatin and 
casein, and Taylor ( loc cit ) showed that the tryptic digestion 
of protamine obeys the same law 

Hedm 69 studied the digestion of casein, serum-albumin, and 
white of egg by trypsin He found that the rate of digestion 
was directly proportional to the quantity of ferment acting 
when all other conditions were kept constant, and also the rate 
of digestion is directly proportional to the time under other- 
wise constant conditions In other words, the velocity of hy- 
drolysis obeys the formula, log 10 ~ L — = Kft, where a is the 

CL CC 

initial concentration of substrate, x the amount of it transformed 
m time t, f the concentration of ferment, and K the velocity 
constant A direct proportionality between the substrate concen- 
tration and the rate of change was observed, although the con- 
stants were not concordant for different substrate concentrations 
and the effect per unit of casein increases as the total amount of 
casein diminishes, and finally becomes constant The activity 
of the ferment diminished during the course of the reaction and 
the products of hydrolysis appeared to exert a considerable 
depressant influence It was also noted that the total effect 
was not affected by dilution with water, in other words, if the 
ratio between the ferment and trypsm be kept constant, the 
effect for equal volumes is proportional to the concentration 
Hedm measured the reaction by estimating the quantity of 
nitrogen that escaped precipitation by tannic acid This method 
has been criticised by Taylor 70 Later experiments on the 
digestion of casein by trypsin ynelded similar results when the 
rate of change was measured by estimating the quantity of phos- 
phorus split off during the course of the reaction 

Quite recently Robertson 71 made an investigation of this 
subject using a more refined method of measurement Calcium 

89 Hedm Journ of Physiol , xxxn, p 468, 1904, xxxiv, p 370, 1006 

70 Taylor On Fermentation, Univ Calif Pub Pathol , l, p 236,1 

71 T Braileford Robertson This Journal, n, p 317, 1907 
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and barium caseinates vrere used as substrates It na^ found 
that, the velocity of hydrolysis of calcium casemate is directly 
proportional to the amount of trypsin for small concentrations 
of substrate For concentrations, above tits Ca(OH)* saturated 
with casein, the velocity constant calculated from the mono- 
molecular formula increased with increasing quantities of fer- 
ment In this case the author states that the constant for the 
the velocity of hydrolysis is equal to af + bp, where / is the 
concentration of the ferment and a and b are constants By 

representing the ratio log 10 to the number of cubic centi- 

a x 

meters of trypsin solution by y it was found that y =41 + 11 / 
This phenomenon was not improbably due to the destruction 
of the ferment by the uncertain OH - concentrations of the solu- 
tions employed as my observations are not m accord with this 
theory 

In most of the experiments quoted above the concentrations 
of the substrate were almost always constant It appeared 
important, therefore, to repeat some of these experiments with 
various concentrations of protein Basic sodium casemate was 
used as substrate in all of the experiments and observations were 
made on the relation between the concentration of the trypsin 
for 0 125, 0 25, 0 5, 1, 2, and 4 per cent solutions 

Experiment 1 Eight grams of purified casern were dissolved in 64 cc 
T 5 - NaOH and diluted to 6400 cc with distilled water free from carbon diox- 
ide Sixty -two Erlenmey er flasks of 200 cc capacity containing 100 cc of 
the above solution were lightly stoppered with clean rubber stoppers and 
placed in the incubator As soon as the solutions had reached the tempera- 
ture of the incubator, 0 2 cc of toluol weTC added to each digest and the 
flasks tightly stoppered and replaced m the incubator After the tempera- 
ture of the solutions was readjusted, two samples were removed and the 
casein determined in each which gave the initial amount of casein present 
As quickly as possible 0 5 cc of a 0 025 per cent solution of trypsin were 
added to C flasks (set A), one flask at a time being removed from the incubat- 
ing ov en, and allowed to digest at 37 5° C ±0 25° To six flasks of another 
set (It) was added 1 cc of trypsin solution, to six flasks of another set (C) 
2 cc , to six flasks of another set (D) 3 cc 3nd so forth up to 9 cc of trypsin 
solution, thus making ten sets of six flasks each representing ten different 
concentrations of ferment to a constant concentration of substrate Two 
flasks from each set were withdrawn after one, two, and three hours and the 
undigested casein determined in each in the usual way In sets A, B, and C 
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containing 0 5, 1, and 2 cc of trypsin respectively, the casern digested dut 
ing the first two hours was too slight to be measured accurately and so the 
tabulated results for these sets give only the change that occurred dunng 
the first three hours 

Now if the velocity of transformation is directly proportional to the con 
centration of the trypsm, formula (2) becomes 


Logio — — " Kift (3) 

a — x 

where Im is a constant and / is the concentration of the ferment The fol- 
lowing tables contain the observed results as well as those calculated b\ 
means of the above formula The initial amount of casein in eachdigest 
was found to be 108 mgs 

TABLE II 


Scries A, B, and C 
a = 108 l = 3 hours 


f ! 

CC TRYPSIN j 

a — x 

a 1 

LOOio — 

a — x 

Aj 

0 5 

104 85 

0 01285 

8 5 X 10~‘ 

I j 

98 70 

0 03910 j 

13 X 10 - J 

2 

90 90 

0 07486 

12 5 X 10-» 


Scries D 


f - 3cc 


t 

HOURS 

a — x 

' a 

LOQjo — 1 

a — x j 

Ai 

0 

108 



1 1 

100 44 

0 02974 

io x i<r s 

2 ' 

91 62 

0 07143 

12 x 10 " 3 

3 

i 

87 93 

0 08928 

10 x io ~ 3 


Series E 



/ = 

4cc 


t 

a — x 

a 1 

1 hOQio 

1 hi 

HOURS 


a — x 

~ — 

0 

108 



1 

98 10 

0 04175 

10 5 X KT 3 

3 

83 50 

0 11173 

9 5 X 10 3 
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TABLE II — Continued 

Senes F 


f = See 


t 

HOURS 

a — x 

- 

a 

LOGi* 

a — x 

K, 

0 

1 

108 

97 20* 

0 04575 

9 X 10 -1 

2 

85 28 

0 10257 

10 X lO - * 

3 

78 63 

0 13783 

9 X 10 -1 


This number Is based upon one determination 


Senes G 

f = 6cc 

i 

I 

a 

Ki 



a — x 


0 

10S 



1 ! 

| 93 15 

0 06424 

10 5 x 10- 3 

2 

SO 43 

I 0 12800 

10 5 X 10- 1 

3 

; 72 90 

! 0 17069 

9 5 X 10 -3 


Senes U 
f = 7cc 


t 

HOURS 


a 

LOCH * 

a-x , 

Kt 

0 

10s 



1 

SS 43 

0 0S6S2 

12 5 X 10 -5 

2 

' 79 29 

0 13420 

9 5 X 10-* 

3 

6S 04 

0 21066 

10 X 10 -1 


Series I 


f = See 
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TABLE II — Continued 


Senes J 
f — 9cc 


t j 

HOURS 

a — x 

O 1 

LOGlo 

a — x 

Ai 

0 

10S 



1 

85 95 

0 09917 

11 x io-> 

2 

73 80 

0 16536 

9 X 10~ l 

3 

60 75 

0 24987 

9 X 10“ J 


The numbers m the column under a — x are each the mean 
of two determinations The figures m the last column are very 
satisfying and show that at this substrate concentration the 
velocity of hydrolysis is proportional to the concentration of 
the ferment The figure on the following page brings out this 
fact more clearly 

Experiment 2 Four grams of purified casein were dissolved m 32 cc h 
NaOH and diluted to 1600 cc with distilled water free from carbon dioxide, 
and 100 cc measured out in each of 12 Erlenmeyer flasks of 200 cc capacity 
and0 2cc toluol and 1, 3, 5, 7, and 9 cc of a 0 065 per cent solution of try psm 
was added to the digests The experiments wei e carried out in duplicate 
The initial quantity of casein was found to be 217 35 mgs , this being the 
mean of two determinations The solutions were allowed to digest at 38 5 
C * 0 5° G for three hours The results obtained are tabulated m the 
following table 

TABLE III 

a = 217 35 t = 3 hours 


J 

CUBIC CENTIMETERS 
TRTPStN 

a — x 

1 Q 

LOG 10 

! 

1 

1 A. 

t 

1 

1 

170 10 i 

0 10646 

i 35 5 X 1 0~ 3 

3 

103 05 

0 31165 

: 34 5 X 10~‘ 

5 

60 00 

0 537S2 

I 36 X 10~ 3 

7 

37 35 

0 76487 

; 36 5 X 10 -3 

9 

26 10 

0 92052 

j 34 X 10~ 3 


The figures in the second column are each the mean of two determinations 
The figures m the last column are again fairly constant 
Experiment 3 The experimental piocedure was exactly as in the last 
experiment except that a 0 5 per cent solution of ''basic"sodium caseinate 
was used instead of a 0 25 per cent solution Eight grams of casein were dis- 
solved m 64 cc xff NaOH and diluted to 1600 cc The quantities of try psin 
solution used were 2, 4, 6, 8, and 10 cc of a 0 1 per cent solution T c 
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quantity of casein initially m 100 cc was found to be 428 4 milligrams The 
following are the experimental results The digestion was earned out at 
38 5° C 0 5° C for three hours 


TABLE IV 


a — 428 4 t = 3 hours 


/ 

CUBIC centimeters 

TRIPSIN 

a — z 

a 

LOG ID 

a ~ x 

1 

i A, 

! 

2 

294 3 

0 16306 

to 

X 

0 

£ 

4 

184 5 

0 36585 

30 5 X 10~ 3 

6 

101 7 

0 62453 

34 5 X 10~ 3 

8 

60 3 

0 85153 

35 5 X 10“ 5 

10 

40 05 

1 02925 

34 5 X 10~ 3 


The experiment was done m duplicate and the figures m the second 
column are each the mean of two determinations 

Experiment 4 Exactly as in the two previous experiments except that 
a 1 per cent solution of casein, 16 grams of pure casein dissolved in 12S cc 
tit NaOHand diluted to 1600 cc , was used m place of aO 5 per cent solution 
The concentrations of the trypsin used were 1, 2, 4, 6, and 8 cc of a 0 2 
per cent solution The digestion was carried out at 39 5° C ±0 5° for three 
hours 

TABLE V 


a ~ 857 8 l = 3 hours 


/ 

CUBIC CENTIMETERS 1 
TRYPSIN 

a — x j 

i 

LOG10 

a — z 

Jv, 

1 

651 75 

0 11931 

40 X 10“ 3 

2 1 

486 54 

0 24628 

41 X 1 0- 3 

4 

1 293 90 

0 46519 

39 X 10~ 3 

6 

161 23 

0 72594 

40 X 10 -5 

8 

. 

I 90 12 

! 1 

0 97857 

41 X 10 -3 


Experiment 5 In this expenment a 2 per cent solution of "basic 
sodium caseinate, made by dissolving 32 grams of casein in 256 cc te 
and diluting to 1600 cc , was used as substrate 1, 2, 4, 6, and 8 cc of 3O 
per cent solution of trypsin vere emplojed The digestion v as carried out 
for three hours at 39° C ±0 5° The initial quantity of casein m 100 cc vas 
found to be 161S mgs 



E H Walters 


293 


table m 


a = 1618 t = 3 hours 


/ 

CUBIC CENTIMETERS 
trtpsin 

a — x 

a 

l.OGip 

a — x 

Jv. 

1 

1239 

0 11591 

38 5 X 10 -7 

2 

965 

0 22400 

37 5 X 10~ 7 

4 

573 

0 450S3 

37 5 X 10~ 7 

6 

' 332 

0 6S784 

38 X 10“ 7 

8 

! 223 

0 86068 

36 X lO^ 7 


Experiment 6 Precisely as in the previous experiments except that 
a 4 per cent solution of “basic sodium” caseinate, made by dissolving 64 
grams of punfied casein in 512 cc NaOH and diluting to 1600 cc , was 
employed as substrate The concentrations of trypsin used were 1, 3, 5, 7, 
and 9 cc of a 0 8 per cent solution The initial quantity of casern m 100 
cc was found to be 3123 mgs The solutions were allowed to digest for 
three hours at 39° C ±0 5° The following results were obtained 

TABLE VII 


a - 3123 t = 3 hours 


/ j 

CUBIC CENTIMETERS 1 
TRTPflIN 

a — x 

a 

EOOia 

a —x 

Ei 

1 i 

2420 

0 11075 

37 X 10~* 

3 

1437 

i 0 33711 

37 5 X 10 -1 

5 

846 

; 0 56720 

38 X 10 -5 

7 

544 

0 75897 

36 X lO -1 

9 

407 

! 0 S8498 

33 X 10~» 


In the foregoing experiments it will be observed that the pro- 
portion of ferment to protein was practically the same and that 
the velocity constants in the entire senes approach the same 
value, the non-concordance being due to the decay of the ferment 
through phy sical disturbances It is a well known fact that 
trypsin preparations gradually lose their digestive power by the 
phy sical disturbances of the laboratory 72 

Experiment 7 In this experiment five different concentrations of 
“basic” sodium caseinate (0 2, 0 4, 1, 2, and 4 per cent solutions) were 


15 See Taj lor On the H\ drolj sis of Protamine with Especial Reference 
to the action of Trjpsm, Un ir Cal\} Pub Pathol , 1 , p 7, ibid , On Fer- 
mentation, p 249, 1907 
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digested simultaneously with varying amounts of the same ferment solu 
tion A 0 2 per cent solution of trypsin was used throughout and the diges 
tion was carried out for three hours at 36° C =*= 0 5° The following results 
were obtained The figures m the column under a — x are each the mean 
of two determinations 


TABLE VIII 


(A) a = 177 mgs 


TRYPSIN 

/ 

CASEIN DIGESTED 
IN THREE HOURS 

X 

UNDIGESTED 
CASEIN 
a — x 

L a 

fi LOa >» 

A b.10 1 

CC 

1 

2 

mgs 

119 

156 

mgs 

58 

21 

0 161513 

0 154291 

28 5 

27 5 

Average 

28 

C B ) 


a = 360 mgs 


1 

144 


0 0739500 

26 5 

2 

233 


0 0754160 


3 

280 


0 0725786 


4 

324 

46 

0 0744616 

27 0 

Average 

26 6 

(C) 


a = 882 mgs 


1 

149 

733 

0 026790 

23 5 

2 

262 

620 

0 025513 

22 5 

3 

380 

502 

0 027196 

24 0 

4 

468 

414 

0 027373 

24 0 

Average 

23 5 

(D) 


a = 1733 mgs 


2 

337 

1396 

0 015651 

27 

3 

463 

1270 i 

0 015000 

26 

4 

528 

1205 I 

0 013151 

23 

10 

1055 

678 

0 013585 

23 5 

Average 




24 9 
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(fi) 

2 

4 

6 

10 

Average 


TABLE UH- Continued 


a = 3326 mgs 


320 1 

3006 

0 007322 

24 5 

518 1 

280S 

1 0 006126 

20 5 

750 

2576 

0 006165 

20 5 

1136 

; 2190 

1 0 006049 

20 0 


The results of the above experiments show quite conclusively 
that the velocity with which casern is hydrolyzed by trypsin is 
directly proportional to the concentration of the ferment They 
also indicate a general proportionahty between the velocity of 
hydrolysis and the concentration of the substrate The slight 
variations that occur m the constants m the different experi- 
ments are due to shght differences m temperature and to small 
variations in the intensity of the ferment The last experiment 
brings out the notable fact that the constants decrease as the 
concentration of the substrate increases indicating a slight 
tendency to depart from the rule of direct proportionahty 
This fall m the velocity constant however is not so great in 
my experiments as was observed by Taylor 73 in the tryptic 
digestion of protamine In fact it was so shght that it escaped 
unobserved m the previous experiments It is a fact to be noted 
that by increasing the concentration of the ferment the turbidity 
of the casein solutions is increased This fact is striking par- 
ticularly m the case of strong solutions, from 0 5 to 4 per cent 
The turbidity of these solutions gradually increased by the addi- 
tion of increasing quantities of ferment so that the solution 
containing the greatest amount of trypsin (10 cc ) resembled a 
solution of calcium caseinate of the same concentration which 
is, normally, very much more turbid than solutions of sodium 
caseinate 


(d) The relation between the nature of the base combined vnth a 
'protein and the velocity vnth which it is hydrolyzed 

There has been little said concerning the relation between 
the nature of the base combined with a protein and the velocity 

71 Tajlor On Fermentation, Unw Calif Pub Pathol , 1 , p 236, 1907 



296 


Action of Trypsin 


with which it is hydrolyzed Robertson ( loc cit ) made some 
experiments using calcium and barium caseinates as substrates and 
found that che velocity constant for the hydrolysis of barium case- 
mate is only about two-thirds as great as for calcium caseinate 
These experiments, however, were not carried out simultaneous!! 
and this difference may possibly be due to differences in the 
digestive power of the ferments used Also, there may possibly 
have been a slight difference in the degree of alkalinity of the 
two solutions employed as the solutions were made by shaking 
up solutions of infr, alkali with casein A later investigation 
revealed the fact that Ca(OH )2 dissolves casein more rapidh 
than Ba(OH) 2 , 74 and also that casein combines with base3 in 
equivalent molecular proportions 75 

From a consideration of the role of inorganic substances m 
nutrition as well as for theoretical reasons, it appeared of some 
import to carry out some experiments with the various caseinates 
of the alkalies and alkaline earths Experiments were made 
with 0 4 and 2 per cent solutions of basic Li, Na, K, NH3, Ca, Sr, 
and Ba caseinates Solutions were made in the usual way so 
that the proportion of base to casein = 80 X 10' 5 equivalents 
per gram The experimental procedure was precisely the same as 
m those described above and the experiments were done in du- 
plicate and simultaneously for each substrate concentration so 
that the acting mass and intensity of the ferment would be the 
same in each series In series A of 0 4 per cent solutions of 
casein, 1 cc of a 0 5 per cent solution of trypsin and 0 2 cc of 
toluol were added to 100 cc of the hydrolyte and the digestion 
carried out at 37° C =*= 0 5° for three hours To each digest of 
100 cc of the 2 per cent solutions m senes B were added 1 cc 
of a 3 per cent solution of trypsin and 0 2 cc toluol and the diges- 
tion allowed to continue at 38°C =*=0 5° for three hours The 

following results were obtained 


7< T Brailsford Robertson Journ of Physical C hem , \iv, p 377,1910 
75 T Brailsford Robertson Ibid, xv, p 179, 1911 
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SERIES A, 0 4 PER CENT SOLUTIONS 
(Temperature 37° ±05°) 

TABLE EC 

0 4 per cent basic lithium casemate 


HOURS 

a — x 

MILLIGRAMS 

too ”^rr 

K 

0 

377 



1 

232 

0 21085 

21 X 10~* 

2 

125 

0 47943 

24 X lO -5 

3 

73 

0 71302 

24 X 10~= 


TABLE X 


0 4 per cent basic sodium caseinate 


t 

HOURS 

0 — X 

MILLIGRAMS j 

LOGt9 — 

| 

1 

0 

367 



1 

225 

0 21249 

! 21 x io-~* 

2 

133 

0 44082 

1 22 x 10- 5 

3 

68 

0 73216 

| 24 X 10-* 


TABLE XI 


0 4 per cent basic potassium casemate 


t 

HOURS 

a — x j 

MILLIGRAMS 1 

a 

Loan 

a — x 

K 

0 

377 



1 

222 

0 22999 

23 X 10 -5 

2 

139 

0 43333 

22 X 10 -5 

3 

80 

! 0 67325 

22 = 10“* 


TABLE XII 


0 4 per cent basic ammonium caseinate 


I 

0 — X 


I 

HOURS 

MILLIGRAMS 

LOGlI 

O — X 

K 

0 

376 



1 

230 

0 21346 

21 5 X lO -5 

2 

128 

0 4679S 

23 5 X 10~» 

3 

69 

| 0 73684 

24 5 X 10~= 
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TABLE XIII 


0 4 per cent baste calcium caseinate 


t 

HOURB 

a — x 

MILLIGRAM 

O 

LOGIJ 

0 — X 

K 

0 

352 



1 

220 

0 20412 

20 X 10“* 

2 

139 

0 40353 

20 X 10 -1 

3 

69 

0 70769 

23 5 X 10" 1 


TABLE XIV 


0 4 per cent basic strontium caseinate 


t 

HOURS 

j 0 — X 

I MILLIGRAMS 

a 

LOGjo 

a — x 

K 

0 

] 351 



1 

! 222 

0 19896 

20 X 10" 1 

2 

1 130 I 

0 43137 

21 5 X 10“* 

3 

67 ! 

0 71924 

24 X10" 5 


table XV 

0 4 per cent basic barium caseinate 


t 

HODRS 

a-x 

MILLIGRAMS 

0 

LOG10 * 1 

0 — X 

A 

0 




1 


0 20632 

20 5 X 10' 

2 


0 39431 

20 X 10 

3 

75 

0 67761 

22 5 X 10 


SERIES B, 2 PER CENT SOLUTION 
(Temperature 38° * 0 5°) 

TABLE XVI 

3 per cent basic lithium caseinate 


1 1 

nouns j 

a — x 

MILLIGRAMS 

a 

LOO10 * 

a — x 

K 

0 1 

1706 



1 

930 

0 26350 

26 X 10"* 

2 

558 

0 48535 

24 X 10" 1 

3 

302 

0 75197 

25 X 10 
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TABLE XVII 


2 per cent basic sodium caseinate 

) 

t 

t 

a —1 

a 

E 

HOURS | 

MILLIGRAMS j 

a —x 


! 

0 

1679 



1 1 

909 

0 26649 

25 6 X 10" 3 

2 i 

563 > 

0 47454 

24 X 10^ 

3 1 

294 i 

0 75670 

25 X 10"'- 


TABLE xvm 



2 per cent basic potassium caseinate 


! 

t 

1 

a — x 

a 

IOQm 

£ 

HOURS 

milligrams 1 

a— x 


l 

0 

1665 



1 

896 

0 26909 

27 X 10~» 

2 

509 

0 51074 | 

25 5 X 10" 3 

3 

289 | 

0 75658 j 

j 25 X 10" 3 


TABLE XIX 



2 per cent basic ammonium c&seinaie 


t 

HOURS * 

1. 

\ 

a — x 

MILLIGRAMS 

a 

LOGiD — 

a — x 

K 

1 

0 1 

1662 



1 

887 

0 27271 

! 27 X 10" 3 

2 

540 * 

0 48824 

1 24 5 X 10" 3 

3 

297 | 

0 74787 

! 25 X 10" 3 


TABLE XX 



2 per cent basic calcium caseinate 


t 


a 

• 

HOURS 

MILLIGRAMS 

LOG |0 * 

O — X 

K 

0 

1728 



1 

990 

0 27190 

24 X 10" 3 

2 

660 

1 0 41800 

21 X 10" 3 

3 

j 358 

j 0 6S366 

23 X 10"= 
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TABLE XXT 

2 per cent basic strontium caseinate 


t 


a 


HOURS 

milligrams 

LOQiO 

o — X 

R 

0 

1670 



1 

950 

0 24500 

24 5 x 1(P 

2 

600 

0 44457 

22 X 1(P 

3 

340 

0 69124 

23 X HP 


TABLE XXII 



2 per cent basic barium caseinate 


t 


O 


HOURS 

milligrams 

LOGlO 

o-ac 

K 

0 

1701 



1 

980 

0 23947 

24 X It)- 1 

2 

650 

0 41779 

21 X lO -1 

3 

350 

0 68663 

23 X 1(T ! 


From an examination, of the above tables it will be noticed 
that the constants are quite concordant, especially m the weaker 
solutions For high substrate concentrations, however, there 
is a slight tendency downwards m the case of the salts of the 
alkaline earths which are hydrolyzed with a slightly lower ve- 
locity than the corresponding salts of the alkalies It is concluded 
that the nature of the base combined with a protein has little 
or no influence in the process of hydrolysis 

It is also interesting to note in this connection that the ve- 
locity of hydrolysis is uninfluenced by the extent to which the 
"basic" caseinates of the alkalies and alkaline earths are dis- 
sociated into their respective ions Robertson 76 has calculated 
the dissociation-constants of the “basic" caseinates of the alkalies 
and alkaline earths on the assumption that the "basic” caseinates 
dissociate into two protein ions each possessed of twice as man) 
valencies as there are molecules of base bound up in the molecule 
of the caseinate It was found that at 0 01 n concentration 
(0 005 N concentration of the neutralized alkali or 0 01 N con- 
centration of the neutralized alkaline earth) the caseinates of 
the alkalies are almost completely dissociated while the casein- 
ate 5 of the alkaline earths are only about 50 per cent dissociated 

i* T Brailsford Robertson Ibid, xiv, p 60, 1910 
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III DISCUSSION AND r£sUM£ OF RESULTS 

The mode of action of trypsin m the above experiments cor- 
responds to case II outlined by Armstrong” in explaining the 
action of sucroclastic enzymes This is a case m which the con- 
centration of the ferment is relatively large and practically 
unaffected by the products of change The active mass is a 
function of the total mass from the beginning of the experiment 
and the change is expressed as a logarithmic function of the time 
Now as Taylor 78 has pointed out, the fermentation of a pro- 
tein belongs to a class of mediated catalysis m which the trans- 
formation -proceeds in many stages according to the following 

Protein + water — > producti + product] 

Producti + water — * ps +P 2 etc 

and finally 

Pn + HiO = end product + end product, 

each stage never being completed en bloc As we have seen the 
process of hydrolysis obeys the monomolecular formula, which 
demands as a first postulate that the reacting substance exists 
at each moment m the form of unchanged substrate or end 
product We must conclude, therefore, that we only follow 
the course of the first reaction and whatever the velocities or 
modes of transformation of the intermediary reactions are they 
do not perceptibly alter the course of the reaction measured 
The well known monomolecular formula does not anticipate a 
reversion of the reaction and according to the foregoing experi- 
ments there is no indication of such The reaction proceeds 
according to the law to the point of equilibrium which appears 
to be near the point of complete hjxlrolysis 
The synthesis of proteins by a reversion of the above reaction 
through the action of enzymes is now a matter of fact Taylor 79 
was able to effect the synthesis of protamine through the action 
of trypsin and Robertson 80 has synthesized paranuclein through 

11 Armstrong Proc of the Royal Soc of London, Leon, p 500, 1904. 
" Taylor On Fermentation, Umc Calif Pub Pathol , 1 , p 125, 1907 
” Taj lor On the Synthesis of Protein through the action of Trypsin, 
t/mr Calif Pub Pathol , 1 , p 343, 1907 This Journal, in, p 87, 1907 
,5 T Brtulsford Robertson This Journal, v, p 493, 190S, Rnd.m.p 95, 
1907 , Unu Calif Pub Physiol , in, p 59, 1907 
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the agency of pepsin In these experiments the protein synthesi 
was brought about by allowing large quantities of the respectne 
ferments to act upon concentrated solutions of the products of 
the complete digestion of the respective proteins These exper- 
iments suffice to show the action of ferments m accelerating the 
reverse of the reaction alluded to above Now if there is no 
indication of reversion m the process of hydrolysis how is this 
phenomenon to be explained 9 For the interpretation of this 
Robertson 81 has advanced an hypothesis of Reciprocal Catalysis 
which appears to be a rational explanation of the above facts 
This hypothesis assumes a combination between the enzyme and 
protein , 82 the enzyme being assumed to carry water into the 
piotem molecule and parting with the water to recoup itself 
from the medium, while the protein moleoule subsequently splits 
up into the products of its hydrolysis, and the enzyme-product 
finally reacting with the water regenerating the ferment Consid- 
ering both the protein and enzyme to be amphoteric electrolytes, 
which is a reasonable conclusion from experimental data, the 
various steps m the process of hydrolysis are represented bv the 
following schematic equations 

HF 

- CO H N (- HFFOH = - COH N ( J) 

HOF 

Protein + Ferment = Protein-ferment compound 
HF 

-COH N = -COOH + HoN- + FF 1°) 

I 

FOH 

Protein-foimcnt compound = Product + Product + Anhydrous Ferment 

FF+ H;0 = HFFOH (III) 

Anhydrous Ferment + Water = Hydrated Ferment 

81 T Brailsford Robertson loc cit , Die physikahschc Chcmre dcr Pro 
leine, Dresden, Verlag von Theodor Stemhopff, p 404 

82 Biological cbemiBts have pretty generally accepted this to be : a 

see literature quoted elsewhere mthiB paper under Vernon, Ba\bss, o cr 

son, Henri, and Hedin 
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while the synthesis is the reverse of these reactions, thus assum- 
ing the existence of two varieties of the same ferment, one 
accelerating hjxlrolysis, and the other accelerating synthesis, 
each operatmg under very different conditions The existence 
of two such forms of an enzjune has been observed by Euler B 
It r supposed that during the process of hydrolysis the station 
of eq uili brium in reaction III is far to the right and is reached 
with great velocity compared with that of either of the reactions 
1 and II measured m the direction from right to left and at any 
moment the concentration of the anhydrous (synthesis-acceler- 
ating) form of the ferment FP is negligible compared with that 
of the hydrated (hydrolysis-accelerating) form HFFOH Under 
these conditions then it is obvious that the velocity of hydrolysis 
would be directly proportional to the concentration of the fer- 
ment, which is experimentally the case And similarly the mono- 
molecular formula would hold good if reaction I proceeded at a 
i ery great velocity compared with reaction II, "which is a logical 
deduction from experimental and theoretical evidence 
It has been pointed out that the velocity constant gradually 
decreases as the concentration of the substrate increases The 
above hypothesis also offers a reasonable explanation of this 
fact M According to the above scheme for the process of hydroly- 
sis the enzyme must cause a greater or smaller shifting m the 
station of equilibrium between the protein and its products 
At high ferment concentrations the enzyme accelerates hj drolysis 
of the protein more than its synthesis because the hj drolysis- 
acceleratmg form of the enzyme is initially present m consider- 
able excess of the synthesis-accelerating form, but at high con- 
centrations of substrate the protein accelerates the dehydration 
of the enzyme more than its hydration because it is initially 
present m great excess of its products of hi drolysis This latter 
condition will, therefore, cause a slowing of the velocity of hydroly- 
sis u hich is experimentally found to occur 

The question of synthesis is quite a different problem and one 
that does not concern us here The reaction of synthesis being a 
reaction of the second or a higher order a decided shift m the 

"Euler ZeUschr f physiol Chem , lu, p 146, 1907 

“ Scc T Brailsford Robertson Du physil ahsche Chemie dcr Proteme 
1 > 40S, Dresden, 1912, Verlag \on Theodor Steinhopff 
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station of equilibrium between the Products —* Protein in the 
direction of synthesis by the addition of large quantities of en- 
zyme, and also shifting the position of equilibrium between the 
hydrated and the anhydrous form of the enzyme m the direction 
of the latter by the presence of large amounts of the products ol 
hydrolysis or by increasing the temperature, must be brought 
about before the reaction will proceed m the direction of synthe- 
sis 

The foregoing experiments may be briefly summarized as fol- 
lows 

1 The method of estimating the velocity with which a protein 
(casein) is hydrolyzed by determining the nitrogen m the undi- 
gested portion after precipitation with acetic acid yields results 
admitting of an accurate physico-chemical interpretation 

2 Upon the addition of a slight excess of alkali to neutral or 
faintly alkaline solutions of casein immediately before precipi- 
tation with acetic acid, precipitation is hastened and a clear fil- 
trate is assured 

3 The relation between the time of hydrolysis and the amount 
of “basic” sodium caseinate hydrolyzed, is, for all stages of the 
reaction, what would be expected from the monomolecular 

formula Logic — - — = Kt 
a — x 

4 The velocity with which “basic” sodium caseinate is hydro- 
lyzed by trypsin is directly proportional to the concentration of 
the ferment 

5 There is a general proportionality between the concentration 
of the substrate and the velocity of hydrolysis, although the 
velocity constant decreases slightly as the concentration of the 
substrate increases 

6 The nature of the base combined with casein has little or 
no influence m the process of hydrolysis “Basic” caseinates of 
Li, Na, K, NH 3 Ca, Sr, and Ba hydrolyze with approximately 
equal velocities for all concentrations of substrate between 0 4 
and 2 per cent 

7 There is no relation between the degree of dissociation and 
the rate with which “basic” caseinates are hydrolyzed by tryp- 
sin, as in the solutions employed the caseinates of the alkalies are 
almost completely dissociated while the caseinates of the alkn- 
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line earths are only about 50 per cent dissociated, yet both senes 
of “salts” are hydrolyzed by trypsin at approximately the same 
velocity 

8 There is evidence of rapid autohydrolysis m solutions of 
"neutral” and “basic” caseinates of the alkalies and alkaline 
earths 

Finally, I wish to express my appreciation of the valuable 
advice and incessant interest of Dr T Brailsford Robertson at 
whose suggestion this work was undertaken and with whose aid 
it has been accomplished 




ON THE REFRACTIVE INDICES OF SOLUTIONS OF 
CERTAIN PROTEINS VII SALMINE 

Bt T BRA1LSF0RD ROBERTSON 

(From (he Rudolph Spreckels Physiological Laboratory of the Unuersily oj 

California ) 

(Received for publication March 2, 1912 ) 

A THE PREPARATION OF SALMINE SULPHATE 

A member of the protamine group, namely salmme 1 was prepared 
by the method of Kossel 5 as follows 

The npe testicles of the Pacific salmon -were minced and the macerated 
mass which was thus obtained was shaken up in tall glass cylinders with 
five or six times its volume of distilled water The thick suspension of 
sperm which was thus obtained was syphoned off from the subnatant con- 
nective tissue and curdled by the addition of 80 cc per liter of acetic 
acid The curdled mass of sperm was then washed m ten tunes its v olume 
of 95 per cent alcohol and this washing was repeated twice, it was then 
washed once in the same volume of absolute alcohol and then in the same 
volume of ether The powder, wet with ether, which was thus obtained, 
was spread out upon filter paper to dry in thp air in a warm dry place 
Each 15 grams of the dned sperm was then stirred up in 350 cc of 1 per 
cent by volume H SOt, for about six hours This mixture was then filtered 
through hardened filter paper and the filtrate obtained from the extraction 
of 15 grams of sperm was placed in a tall glass cybnder of about 4000 cc 
capacity which was then filled with absolute alcohol After allowing the 
precipitate to settle, the supernatant fluid was syphoned off, 'he precip tate 
contained in two cy linders was collected in one and this was filled with alco- 
hol again J The entir precipitate, suspended in alcohol, from the extract 

1 According to Taj lor (Univ of Calif Publ Pathol , p 7, 1904) the pro- 
tamine which is contained in thespermof the Pacificsalmon is identical with 
the salmine found in the sperm of the European salmon 
1 A Kossel Zeitschr f physiol Chem , xxv, p 165, 1898 
It is necessary to avoid washing with alcohol too frequently , as on sus- 
pending the protamine sulphate in alcohol for a third or fourth time a very 
stable suspension is produced from which protamine is onl' deposited very 
slowly 


3=7 
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of 300 grams of sperm, was dissolved by the addition of about 4 liters of hot 
water (about 80° C ), the least soluble portion was filtered off, and the re 
mamder reprecipitated by the addition of 10 volumes of alcohol This 
precipitate was washed once m the same volume of alcohol as thatemplojed 
m precipitation and then in a l’ke volume of ether Thefinal suspension of 
protamine sulphate m ether, obtained after syphoning off the supernatant 
ether, was collected in a hardened filter, dried over sulphuric acid at 40° for 
two days and then pulverized and sifted The product is a friable white 
powder The yield from 300 grams of sperm was 14 6 grams 

The empirical formula of the substance which is thus obtained 
is according to Kossel ( loc at ) and Taylor (foe ci f ), QjoHsrNi A 
2H 2 SO.i It readily dissolves m water up to about 2 per cent at 
20° It diffuses through parchment paper (Taylor) Its solu 
tions are very faintly acid m reaction According to Taylor the 
acidity of a 0 5 per cent solution, measured by the gas-cham, is 
^tnr H + , I found that one gram of my preparation m 0 25 per cent 
solution required the addition of 9 6 cc of tf KOH to render the 
solution just alkaline to rosohe acid, corresponding, m 0 5 per cent 
solution to an acidity of less than i^hr, smee an acidity determined 
by titration m protein solutions must obviously be considerably in 
excess of the true acidity, it may be inferred that the acidities of 
solutions of my preparation were not appreciably m excess of Tny 
lor’s estimate cited above Since a 1 per cent solution of protamine 
sulphate contains 0 0424 equivalents of H 2 S 0 4 per liter, it is evident 
that protamine sulphate does not, m aqueous solution, undergo 
hydrolytic dissociation to any very appreciable extent Accord- 
ing toTaylor, a perfectly neutral preparation of protamine sulphate 
may be obtained by a special and lengthy process of preparation 
and purification 

ts THE PREPARATION OF SALMINE CHLORIDE 

Several attempts were made to prepare salmine carbonate accord- 
ing to the method recommended by Taylor ( loc at), in order to 
prepare the chloride from this substance Many difficulties were 
found to attend this procedure, however If excess of Ba(0H)j 
be added to a dilute solution of protamine sulphate great difficulty 
is encountered m removing this excess by means of C0 2 even at 50 
C After several hours’ passage of C0 2 clear filtrates can be o >' 
tamed winch contain barium, a fact which is probably attruu 
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table to tbe formation of the barnun salt of a carbammo derivative 
of the protamine 4 

Moreover, as Taylor points out, great difficulty is experienced 
in obtaining clear filtrates, indeed I have found the only successful 
method to consist in filtration under pressure through a Chamber- 
land filter, a process which is attended by considerable loss of the 
protamine, since it is, to some extent, retained by the filter 5 
Accordingly, sa lmin e chloride was prepared directly from the 
sulphate in the following manner 

To a carefullj weighed amount (1 48 grains) of protamine sulphate dis- 
solved in 100 cc of water was added an exacth sufficient weight of carefully 
chosen barium chloride crjstals, dissolved in about 20 cc of water, to pre- 
cipitate the H SO, m the protamine sulphate This mixture was then set 
aside in a tall glass cjknder at 50° for twenty-four hours at the end of which 
time a compact precipitate of barium sulphate had settled to the bottom 
of the cylinder from which the clear supernatant fluid could readilj be de- 
canted This fluid was filtered through a hardened filter and the protamine 
chloride precipitated by the addition of 5 to 6 volumes of absolute alcohol 
After allowing the precipitate to settle the supernatant flu'd was syphoned 
off and the precipitate was washed in 1 liter of absolute alcohol and twice in 
1 liter of ether (fiber Natrium destiiliert) and was finallj collected on a 
hardened filter and dried over H.SO, at 36° for twentj -four hours It was 
then puli Piized and s'fted and dned for another twentj -four hours The 
yield was onlj about a third of a gram, which is attributable to the fact that 
the precipitate, after washing in alcohol onlj settled verj' mcompletelj , a 
phenomenon which appears to be characteristic of verj anhjdrous (or, as 
Ta> lor believes, verj highly purified) preparations of salmine 

The empirical formula of this substance is, according to Kossel 
Cjo H 57 Nn0 6 4HC1 It dissolves readily in water, yielding verj' 
faintly acid solutions 

C THE DETERMINATIONS OF REFRACTIVITT 

Portions of a 2 per cent solution of salmine sulphate were diluted 
to 1 5 per cent and to 1 per cent and the refractive indices of these 
solutions and of water were measured at 22° C m a Pulfnch refrac- 
tomcter, using a sodium flame as the source of light On another 

4 M Siegfried Ergeb d Physiol , ix, p 334, 1910 

‘ This is true also of protamine chloride A 1 per cent solution of pro 
tamme chlonde, afterfiltration through a porcelain filter underpressure, was 
found to be reduced in concentration to about 0 5 per cent 
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occasion a 1 per cent solution was diluted to 0 5 per cent and the 
refractive indices of these solutions were measured at the same tem- 
perature 

The following were the results obtained The values headed 
a are calculated from the formula n — rh = a X c where n is the 
refractive index of the solution, ni that of the solvent, and c is 
the percentage of salmme sulphate or of salmme m the solution 


TABLE i 


SOLUTION 

n = REFRACT IVE 
INDEX OP SOLU- 
TION AT 22° C 

a FOR BALMINE SUL- 
PHATE 

a FOR 8ALMINE 

Distilled water 

H 2 SO 4 = 1 per cent 

1 33410 



salmme sulphate = 
42 4cc Ttr H-S0 4 per 




100 cc 

1 33450 



0 5 per cent salmme sul- 
phate 

1 0 per cent salmme sul- 

1 33497 



phate 

1 0 per cent salmme sul- 

(1) 1 33584 



phate 

1 5 per cent salmme sul- 

(2 ) 1 33584 

• 0 00174 ±0 00007 

• 0 00173* 0 00009 

phate 

2 0 per cent salmme sul- 

1 33671 



phate 

1 33759 




The calculation of a for salmme sulphate is performed by adding 
together all observed values of n — and dividing this sum by the 
sum of the percentages of salmme sulphate employed That for 
salmme is calculated upon the assumption that 1 gram of salmme 
sulphate contains 0 792 grams of salmme and thatwhen the refrac- 
tivity of the sulphuric acid m the compound be subtracted from 
the observed values of n — ni, the remainders represent the re- 
fractmty of salmme The details of these calculations follow 
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TABLE 2 


PERCE VTAGE or 

PERCENTAGE 

n— m FOA SAL- j 

n— m for 

POSSIBLE EBP OR IN 
DETERMINATION 

SALMIVE SULPHATE 

OF EALMIVE 

UTVE SULPHATE! 

j 

SALMIVE 

or n— nt 

2 0 

1 4S4 

0 00349 I 

0 00269 

0 00008 

1 5 

1 18S 

1 0 00261 1 

0 00201 

0 oooos 

1 0 

0 792 

j 0 00174 | 

0 00134 

0 oooos 

1 0 

0 792 

l 0 00174 

0 00134 

0 00008 

0 5 

0 396 

0 000S7 

0 00067 

0 oooos 

Sums 6 

4 652 

0 01045 

! 

0 00505 

*0 00040 


It will be observed that the numbers enumerated m the third 
column of the above table, divided by those m the first column, 
yield a constant quotient We may therefore conclude that the 
change in the refractive index of water which is brought about by dis- 
solving salrmne sulphate therein is directly proportional to the concen- 
tration of the salmme sulphate 

A 0 5 per cent solution of salmme chloride was prepared and its 
refractive index and that of water were determined at 18° C The 
following was the result obtained 


(SOLUTION 


n = RETRACT l v E INDEX OF 
SOLUTION AT IS* C 


a FOR SALMIVE CHLORIDE 


Distilled water 1 33356 

One-half per cent chlo- 
ride 1 33442 


0 00172*0 00016 


A 1 per cent solution of salmme chloride contains 0 0446 Nhj dro- 
chlonc acid and 0 837 grams of salmme Hence m a 1 per cent solu- 
tion of salmme chloride the refractmtj of the hydrochloric acid 
(calculated by interpolation from the refractmtv of a -nr solution 
of HC1) is 0 00032 

From this and the above value of a for salmme chloride it follows 
that the change in the refractn e index of water due to the intro- 
duction of 0 837 per cent of salmme m the form of its chloride is 


0 00172 ± 0 00016 - 0 00032 = 0 00140 * 0 00016 
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Hence the change in the refractive index of water due to the 
introduction of one per cent of salmme in the form of its chlondeis 

0 00167 ± 0 00019 
c 

Thus, within the experimental error, the refractmty of salmme 
in solutions of salmme chloride is identical with its refraclivity tn 
solutions of salmme sulphate 

CONCLUSIONS 

1 The change m the refractive mde\ of water which is brought 
about by dissolving salmme sulphate therein is directly proportion'll 
to the concentration of the dissolved salmme sulphate 

2 The value of a ( = change in the refractive index of the sol- 
vent due to the introduction of 1 per cent of the protein) for salmme 
sulphate is 0 00174 =*= 0 00007 

3 The value of a for salmme chloride is 0 00172 =*= 0 00016 

4 The value of a for the base salmme when combined to form 
salmme sulphate is 0 00172 ± 0 00009 

5 The value of a for salmme in the form of salmme chloride is, 
within the above experimental error, identical with its value for 
salmme m the form of salmme sulphate 



STUDIES ON THE EFFECT OF LECITHIN UPON THE 
FERMENTATION OF SUGAR BY BACTERIA 

By ALBERT A EPSTEIN and H OLSAN 
(From the Pathological Laboratory of Ml Sinai Hospital Hew York ) 
(Received for publication, March 5, 1912 ) 

This work was undertaken with a view to studying the effect 
of lecithin upon the process of sugar fermentation m vitro Many 
functions have been ascribed to lecithin, and considerable dis- 
cussion has arisen of late concerning its role m metabolism It 
has been assumed by a number of investigators, that lecithin 
exerts an inhibitory action upon the oxidative processes in the 
animal body 

Diabetes was at one time believed to be due to the inhibitory 
action of lecithin on the oxidation of sugar This hypothesis has 
been chiefly upheld by Luthje, who found that the sugar output 
in diabetics was usually increased by the administration of egg 
yolk, a substance rich in lecithin Bang, as is known, suggested 
that lecithin and dextrose combmed m the blood, forming a sub- 
stance called jeconn 

Some have even asserted that the alleged decrease m the intrinsic 
or fundamental metabolism, and the decrease in the oxygen con- 
sumption occurring m adiposis, are attributable to the presence 
of a larger amount of lecithin m the body fluids than that nor- 
mally present For example, Kempner and Schepilewsky 1 found 
that white mice usually* increased m weight after receiving injec- 
tions of lecithin 

Acting upon this behef, Russian and French investigators have 
suggested the use of lecithin therapeutically in cases of emaciation 
and wasting diseases In support of their claims, the authors quote 
a number of experiments made upon animals, the results of which 
do not appear as convincing as the authors beheve them to be 

1 Kempner and Schepilewsky Zeilschr f Hyg , -ccvn, p 213, 1898 
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Lately Yoshimoto 2 made a number of animal experiments with 
lecithin, and instead of finding a diminished output of nitrogen 
m the urine, he found it to be increased — the increase being the 
exact equivalent of the nitrogen present in the lecithin admin- 
istered to the animals This investigator, therefore, came to the 
conclusion that lecithin does not exert an inhibitory action on 
metabolism 


The attempt to ascertain any such function of lecithin in vivo 
is naturally associated with many difficulties Even were we to 
find a diminution m the nitrogen output after feeding lecithin to 
animals, the conclusion that lecithin produced this result b} 
virtue of its action upon nitrogenous metabolism, would not be 
justifiable Such a result might be due to an indirect action, for 
example, we could readily conceive of an increased mobilization 
of fats produced by lecithin, or possibly an increased oxidation of 
sugars, the result of which would be a sparing of protein matenal, 
leading consequently to a diminished output of nitrogen m the 
urme This effect would manifestly be, not the result of inhib- 
itory action of lecithin upon nitrogenous metabolism, but the 
indirect result of an increased combustion of fats and sugars 
The difficulties which arise m the study of a problem of tins 
character m vivo, are chiefly due to the fact that it is almost 
impossible to dissociate a single function or chemical process from 


every other m the body 

It seemed, therefore, desirable to approach the subject m a 
somewhat simpler way Yallet and Rimbaud, 3 as well as Ren- 
sbaw and Atkins, 4 have recently attempted to solve the problem 
of the r6Ie of lecithin in biological processes by studying its effect 
upon the growth of bacteria Their results show that lecithin 
does not materially influence the growth of bacteria However, 
the method pursued by the above investigators, when taken m 
conjunction with the object sought after, is not free from criti- 
cism Cellular growth and cellular function should not be con 
fused, the one need not be an index of the activity of the other 
The protoplasm of many cell and tissue-forms is endowed t* 1 
some of the functions present m the living cells This is true 


1 Yoshimoto Zeitschr f physiol Chem , lxiv, p 464, 1910 

3 Vallet et Rimbaud Compl rend soc biol , lxvm, p 302, 1010 _ 

4 Renshaw and Atkins Journ Amer Chem Soc , pp \cvii-\cvm, 
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many enzyme or ferment-bearing cells The extract of the yeast 
cell, for example, can ferment sugar as does the living cell itself 
Here we have a function that is resident in the cell material and 
is active even in the absence of cell life A number of experiments 
have been made by Kuettner, 5 and also by 0 Schwarz, 6 with 
lecithin and the different digestive ferments Schwartz, for 
ex amp le, ascribes the inhibitory action of blood serum upon tryp- 
sin, to hpoids, presumably lecithin 
We have therefore, deemed it necessary to take up the study 
of lecithin in connection with the fermentation of sugars by bac- 
teria In so doing we deal with a single comparatively simple 
process The character of the ageDts used m the tests to produce 
the fermentation, is also relatively simple 
For our purposes we used three types of bacteria, namely, Bad 1- 
lits coli communis, Bacillus mucosus capsulaius, and Bacillus acidi 
ladici Each of these organisms ferments certain sugars Our 
measure of bacterial activity, therefore, was the production of 
gas and acid 

The amount of lecithin employed in our media at no time ex- 
ceeded 0 4 per cent This, of course, is an amount of the sub- 
stance m excess of that found in biological fluids If, therefore, 
lecithin could modify oxidative processes m respect to sugar fer- 
mentation, then it would manifest itself by an mcrease or decrease 
in the production of gas or acid, or both We tested the fermen- 
tative action of the above bacteria on twelve different types of 
sugars This was done to ascertain whether or not the chemical 
constitution of sugar played any r61e m the rate and character 
of its decomposition by bacteria 

The list of sugars includes the alcohol, aldehyde, and ketone 
type of the different saccharides (mono-, di-, and polj saccharide) 
A he\a\ alent alcohol and an aldehyde pentose are also represented 
in the senes 

A 1 per cent solution of each sugar in nutnent bouillon (neutral 
to phenophthalem) vas used The media v, ere distributed mto 
fermentation and straight test tubes, lOcc of each medium being 
used as the unit To one =et of tubes, a 4 per cent emulsion of 

‘ Kuettner Zcilschr f physiol Chcm , 1, p 472, 1906-07 

•Schwarz tl icn Ihn Wochenschr , 1909 

Tnr JocnsA.!. or niOLOoicxt. chemistrt vol xi vo 4 
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lecithin was added, allowing 1 cc for each tube To the other 
set, sterile salt solution was added in like amount 
Both sets of tubes were inoculated with a loopful of an emulsion 
of each bacterium and incubated at 37 5°C All the tests were 
made duphcate A parallel senes of unmnoeulated tubes were 
incubated and used as controls 

The amount of gas produced m the fermentation tubes was 
recorded m cubic centimeters at the end of twenty-four and forty- 
eight hours incubation The following table shows the results 
obtained m tests on gas production 



Showing gas production tn cu6ic centimeters 
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SUMMARY 

Bacillus coll communis 


INCREASED GAB 

1 DECREABED GAB 

| NO EFFECT 

Dextrose 
Galactose 1 

Lactose 
Saccharose 

Raffinose 

1 

Levulose 
Maltose 
[ lnulin 

Dextrin 

Glycerine 

Mannit 

Arabmose 

Bacillus mucosus capsulalus 

Galactose 

Dextrose i 

Maltose 

Levulose 

Lactose 

Saccharose 

Mannit 

Arabmose 

Raffinose 

lnulin 

■ 

1 

Dextrin 

Glycerine 


Bacillus acidi lachci 


Maltose 

1 

I Galactose 

Dextrose 

Saccharose 

Lactose 

lnulin 

Dextrin 

Levulose 

Glycerine 

Arabmose I 

Raffinose 



In the above table we note that with Bacillus coh communis 
lecithin favors an increase m gas formation m the monosaccharides 
dextrose and galactose, and the disaccharides lactose and sac- 
charose, while it inhibits gas formation in the trisaccharide raffi- 
nose, the remaining sugars are unaffected 

Lecithin aids gas production by Bacillus mucosus capsulalus 
in the monosaccharides galactose and levulose, while it arrests 
gas production with dextrose Lactose and arabmose are influ- 
enced in like manner 

With Bacillus acuh lactici lecithin also aids the formation o 
gas in the disaccharides maltose and saccharose, while it checks 
gas fermentation m all the monosaccharides, excepting dextrose, 
m the dissachande lactose, and m raffinose and in mannit e 
remaining media are unaffected 
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As the above tables indicate, the results of acid production are 
more uniform than those obtained with gas production Bacillus 
coh communis causes an increased acid production m the presence 
of lecithin with all the sugars, excepting dextrose and raffinose 
With the latter two sugars this bacillus produces less acid in the 
presence of lecithin than otherwise 

Bacillus mucosus capsulatus produces more acid m the presence 
of lecit hin than otherwise, with all the sugars excepting glycerine 
and raffinose, upon the latter lecithin has no effect Bacillus acidi 
laclici in the presence of lecithin produces more acid m all the sugar 
media 

It is significant that in all the tests for acidity, lecithin has a 
distinct tendency to increase rather than to decrease the acid 
production, and if we take acid-production as an index of oxida- 
tive processes, then we must conclude that lecithin aids oxidation 
of the sugars 

Lecithin itself contains certain radicles which on decomposition 
yield acid and gas Its one constituent, chohn, can (as Hase- 
broek 7 has shown) on anaerobic putrefaction be split into carbon 
dioxide, methane, ammonia and methylamme Although the con- 
ditions existing in our tests and those which occur m anaerobic 
putrefaction are totally different, nevertheless the question might 
be asked, whether or not, a decomposition of lecithin in the presence 
of the bacteria takes place, which may be responsible, at least m 
part, for the results recorded Tests were therefore instituted to 
answer this particular question Cultures were made of the organ- 
isms m sugar-free bouillon, with and without lecithin, and, on 
comparing the results obtained, it was found that the bacteria 
emploj ed do not cause any acid or gas production from lecithin, 
even after seventy-two hours’ incubation 

It is necessary to call attention to the fact that m all our .tests, 
lecithin is presumably present m a free state, and although we have 
reason to believe from the work done by one of the authors (E ) 
m another connection, that lecithin enters into combination with 
peptone bodies, such as are present m our culture media, we must 
for the present infer that the lecithin present is m a free state, 
and the conclusions to be drawn must apph to the action of leci- 
thin present m this ctate 

' Hasebroeck Zcitschr f physiol Chcm , xii, p 148, 188S 
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To summarize briefly, our conclusions, therefore, are (l)Free 
lecithin may modify the bacterial fermentation of different sugars, 
hence, oxidative processes (2) The action of lecithin increases 
the fermentation of some sugars and lessens that of others There 
is apparently no definite relationship between the action of leci- 
thin upon sugars and their chemical composition 

To sum up the tendency of lecithin is to increase rather than to 
decrease fermentation 



THE BALANCE OF ACID-FORMING AND BASE-FORMING 
ELEMENTS IN FOODS, AND ITS RELATION 
TO AMMONIA METABOLISM 

BtE C SHERMAN and A O GETTLER 

( Contribution from the Havemeyer Laboratories of Columbia Unuersily, 

No 205) 

(Received for publication, March 8, 1912 ) 

In recent years the ash constituents of foods have come to 
hold an increasingly prominent place m considerations of food 
values It is novr generally recognized not only that the food 
as a whole should supply adequate amounts of each of the chem- 
ical elements which is essential to the body structure, but also 
that these elements should stand m normal quantitative relations 
to each other 

Conspicuous among the quantitative relations is that between 
the acid-formmg and the base-forming elements of the food It 
has long been known that certain foods contain a surplus of base- 
forming over acid-forming elements as evidenced by the fact 
that on burning they y leld a strongly alkaline ash, whereas other 
foods lose acid-forming elements in ashing and yet yield a neutral 
ash showing that acid-formmg elements must have predominated 
in the food 

It was, however, not possible to make any useful quantitative 
comparisons on the basis of the data which had been obtained by 
the usual methods and recorded m the accepted tables of ash 
analyses, because these data represented only the composition 
of the material which remained after ignition, regardless of the 
fact that in many cases a large part of the acid-formmg elements 
e\ist in the food as constituents of the organic matter and pass 
off during the ignition This is particularly true of sulphur, 
which, so far as known, exists m foods chiefly as a constituent of 
protein and often is expelled almost entirely during the burning, 

3 2 3 
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so that the sulphates found in. the analysis of the ash represent 
only a very minor part of the sulphur which was present m the 
food Hence any attempt to calculate the relation of aod-form- 
mg to base-formmg elements from the tables of ash analyses 
which have been available m the past would give erroneous re- 
sults except in those cases m which the base-formmg elements so 
far predominate as to prevent loss of acid-formmg elements dur- 
ing ashing, and comparisons of different types of food with each 
other would be misleading 

Another source of error lies in the fact that the usually ac- 
cepted tables of ash analyses are largely derived from the work of 
agricultural chemists whose primary object was to determine the 
constituents removed from the soil by the crop and who, there- 
fore, analyzed the article of food as sold instead of simply the 
edible portion 

An investigation of the actual quantitative relations of acid- 
formmg and base-forming elements m the edible matter of foods 
was begun m this laboratory over five years ago and a few of the 
results first obtained were published m the summer of 1907 1 

We are now able to present data for a larger number of foods 
Of some of these we have made complete ash analyses, in other 
cases we have accepted previously published results for such con- 
stituents as seemed to have been accurately determined and sup- 
plemented these with such determinations as were necessary 
While it is obviously more systematic to balance the acids and 
bases by comparisons of data obtained upon the same sample, the 
compiled data sometimes have the advantage of representing 
the average of several samples Hence m Table 1 we give m 
some cases the results calculated from data partly compiled even 
though we may have determined the complete data upon a single 
specimen of the same food Footnote references attached to the 
names of the articles of food show the nature of the data in each 
case In most of our own work the material selected for analy- 
sis consisted of composite samples each representing a mixture 
of several specimens of the particular food 

Methods of \nalisis — For the determination of calcium and magne- 
sium the sample w as burned m a platinum dish (usually in a muffle), the ash 

1 Sherman and Sinclair This Journal , hi p 307 
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dissolved in hot, very dilute hydrochloric acid, the solution filtered if not 
clear, treated with oxalic acid, heated to boiling, a few drops of methyl 
orange added as indicator, and then ammonia very gradually until the indi- 
cator changed color This neutralization usually required about one-half 
hour Finally an excess of ammonium oxalate was added and the solution 
allowed to stand for four hours, then filtered, washed with one per cent solu- 
tion of ammonium oxalate, dried, ign*ted to constant weight and weighed 
as calcium oxide, with care to avoid absorption of carbon dioxide or moisture 
The filtrate from the calcium oxalate was evaporated to dryness m plati- 
num aud ignited carefully to expel ammonium salts without spattering, 
the residue dissolved in hot water with the addition of a little hydrochloric 
acid, the solution filtered if necessary , cooled, and the magnesium precipi- 
tated by adding acid sodium phosphate solution and then ammonia gradu- 
ally until distinctly alkaline Half an hour later an excess of ammonia was 
added as usual and after allowing to stand m the cold usually for about 12 
hours the ammonium magnesum phosphate was filtered, washed with dilute 
ammonia, ignited to magnesium pyrophosphate and weighed 

For the determination of sodium and potassium a portion of the sample 
was burned in platinum at a low temperature (very dull redness) to a white 
ash This was taken up with hot water and a bttle hydrochloric acid, fil- 
tered, heated to 95° and treated with a very slight excess of barium chloride 
solution (added drop by drop with constant stirring), allowed to stand on 
water bath for one hour, then without filtering, barium hydroxide solution 
was added m the same manner to alkaline reaction, the solution filtered and 
residue washed free from chlorides The filtrate was treated with a few drops 
of ammonia and an excess of ammonium carbonate, filtered, the filtrate and 
washings evaporated to dryness, ignited carefully at very dull redness, 
cooled, dissolved in hot water containing a few drops of hydrochloric acid, 
filtered, and again evaporated and ignited as before This purified res-due 
was weighed as soduim and potassium cblordes, then dissolved and the 
potassium determined by the usual platmic chloride method 

In the determination of phosphorus the organic matter was usually oxi- 
dized by boiling with nitric and sulphuric acds in a Kjeldahl flask In 
order to avoid error from incomplete destruction of phosphatids or from sub- 
sequent incomplete precipitation of ammonium phospbo-molybdate it is 
well to use only 10 cc of concentrated sulphuric acid, then after the organic 
matter appears to have been largely destroyed add 10 grams of amm onium 
nitrate and heat until the solution in the flask is reduced to 10 cc or less, 
thus ensuring a high temperature which should char any phosphatids which 
may not have been destroyed by the boiling mixture of sulphuric and nitnc 
acids, if charring occurs more nitnc acid is added and the boiling repeated 
Finally the ac>d solution was washed out of the flask, treated with 20 grams 
ammonium nitrate and the phosphoric acid determined by precipitation 
first as ammonium phospho-molybdnte and subsequently as magnesium 
ammonium phosphate according to the well-known gravimetnc method In 
some cases phosphorus was also determined after burning the sample with 
sodium carbonate and potassium nitrate, this giving the same results as the 
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method of decomposition with acids when both methods are properl} per- 
formed 

For the determination of chlorine the sample was burned at a low tetn 
perature with a liberal excess of sodium carbonate m a room kept as free as 
possible from hydrochloric acid or ammonium chloride fumes, and the chlor- 
ide was determined gravimetncally by precipitation as silver chlondc 
The oxidation of organic matter for the determination of sulphur was 
accomplished sometimes by burning in oxygen in a bomb calorimeter as 
first suggested by Berthelot, but usually by heating the substance in a nickel 
crucible with sodium hydroxide and sodium peroxide essentially according 
to the methods of Osborne and of Folin with such variations in manipulation 
as were found best adapted to the behav’or of the different types of food 
Earlier experiments by one of us, 5 had shown that the compressed o\> gen 
method and the peroxide method are both capable of yielding accurate re- 
sults when properly carried out After the complete destruction of organic 
matter and oxidation of sulphur to sulphates, the determination of the latter 
was made by precipitation as barium sulphate in the usual manner with 
careful attention to the established precautions 

Table 1 shows the percentages of calcium, magnesium, sodium, 
potassium, phosphorus, chlorine, and sulphur in the edible por- 
tion of a considerable number and variety of food materials 
In order to balance the acid-forming against the base-forming 
elements we have calculated the volume of a normal acid or alkali 
solution which would correspond to the amount of each element 
in 100 grams of the food material, phosphoric acid being calcu- 
lated as a dibasic acid By adding together the results obtained 
for all of the base-formmg and for all of the acid-forming elements 
respectively and comparing the totals we find the excess of acid- 
formmg or of base-forming elements in terms of cubic centime- 
ters of a normal solution per 100 grams of edible food material 
Since, however, the different food materials vary so greatly 
m their moisture content and food value it may give a more 
serviceable impression of the relative acid-forming or base-form- 
mg tendencies of different food materials if the surplus acid or 
base be stated for 100 calorie portions rather than for 100 gram 
portions of the various foods 

Table 2 calculated from the data given m Table 1 shows the 
excess of acid-forming over base-forming elements or vice versa 
both per 100 grams and per 100 calories of edible food material 
It will be seen from the above tables that all the meats (m- 


- Sherman Journ Amer Chem Soc , xxiv, p 1100 
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TABLE I 

Percentages of Calcium, Magnesium, Potassium, Sodium, Phosphorus, 
Chlorine and Sulphur in edible portion of F oods 


ASncir or food 


Almonds* 

Almondsf 

Applest 

Asparagusf 

Bananas! 

Beans, dried* 

Beans, dned! 
Beans, lima, dried! 
Beans, lima, fresh! 
Beets! 

Cabbage* 

Cabbage! 

Carrots! 

Cauliflower! 

Celery! 

Cherry juice! 
Chestnuts! 

Corn, sweet dried,! 
Crackers* 

Currants, dned! 
Eel! 

Eggs! 

Egg white! 

Egg yolk! 

Fish, haddock! 
Fish, p’ke! 
Lemons! 

Lettuce! 

Meat, beef, lean I* 


CIUM VESXUM f 


percent percents percent, 


POT AS- PHO&- CHLOE- BUE- 
srtm (FHOBUB I'VE f PHUB 


percent j percent ] percent 


0 270 0 275, 0 024 0 756 ( 0 496 0 037] 
0 215[ 0 2111 0 022, 0 166, 0 379; 0 005] 

0 010! 0 

0 029 0 

* - 


percent 

0 185 
0 135 

00S 0 015 1 0 125] 0 013] 0 004] 0 005 
012 1 0 007} 0 165] 0 039 0 040 0 040 
0 007j 0 024| 0 015 0 415j 0 024 0 200 0 013 

0 165 0 167 0 189, 1 428 0 453 1 0 007} 0 214 

0 157t 0 151 0 193! 1 162 0 497 0 030 0 220 

0 071 0 187| 0 245 1 743 0 336 0 025 0 160 

0 029 0 066 0 089 0 581 0 118 0 009 0 060 

0 021] 0 020 0 0741 0 374 0 039 0 040 0 015 

0 049 0 014i 0 020 0 243 0 027) 0 013! 0 067 

0 049 0 016* 0 037 0 374 


0 055] 0 021j 0 096 0 291 
0 122 0 012 ( 0 074| 0 224] 


0 039! 0 030] 0 070 


0 044] 

0 06ll 


0 036 0 022 
0 050] 0 085 
0 170 0 025 
0 004 1 0 006 


0 071! 0 024 0 082 0 307} 0 044 

0 018] 0 012 1 0 015 0 125 0 013 

0 029 0 048, 0 03/1 0 415 0 087 0 010' 0 068 

0 021| 0 1211 0 148 0 415 0 349 0 050 0 160 

0 050 0 059 0 580 0 117 0 111 0 857} 0 193 

0 036 0 024 0 015 0 208 0 044] 0 010 0 010 

0 039] 0 018] 0 032 0 241 0 177j 0 035] 0 135 

0 067 0 009] 0 148] 0 137 0 161 j 0 100] 0 190 

0 011 0 009, 0 155! 0 158 0 013 1 0 150 0 196 

0 143 0 012 0 074 0 10S, 0 044] 0 100* 0 157 

0 022] 0 017] 0 099 0 335] 0 137 0 24l! 0 223 

0 040' 0 0311 0 029 0 416 0 213 0 032 0 218 


w. v V. W»l w 0 W 

0 03t>, 0 006 0 030 0 348 0 039 0 060 0 014 


1 0 036, 0 006 0 007 0 174 0 009 0 010, 0 012 


0 014 0 035 0 0S5 


Meat, beef, lean II* 

0 

016 

0 

024] 

0 

082 

0 

341 

0 

193 

0 

048 

0 

214 

Meat, beef, lean! 

0 

008 

0 

024 

0 

067 

0 

348 

0 

218 

0 

050 

0 

200 

Meat, beef, leant 

0 

002 

0 

024] 

0 

065 

0 

366 

0 

iro] 

0 

057 

0 

187 

Meat, chicken! 

0 

Oil 

0 

037 

0 

095 

0 

465 

0 

2581 

0 

060 

0 

292 

Meat, frog! 

0 

016 

0 

024 

0 

055 

0 

30S 

0 

186 

0 

040 

0 

163 

Meat, pork, lean! 

0 

008 

0 

028 

0 

156 

0 

254 

0 

213 

0 

048 

0 

204 

Meat, rabbit! 


018 

I 

029* 

0 

046 

0 



398 

I 

253 

0 

051 

0 

199 


0 359 


0 210, 0 061 0 237 


Data determined in this laboratory 
t Data partly compiled partly determined In this laboratory 
t Data published by Kati 
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TABLE I — Continued 


ARTICLE OF FOOD 

CAL- 

1 

MAG- 


POTAS 

PROS- 

CHLOR 

sex 

CXXJM 

NE8IUM 



BITJM 

PHORU8 

IN*E ] 

1 

THUS 


percent 

percent 

percent 

percent 

percent 

ptrcml] 

ptrcrnl 

Meat, vealf 

0 014 

0 030 

i 0 

086 

0 380 

0 220 

0 

067 

0 

226 

Meat.vemsonf 

0 OiC 

i 0 029 

1 0 

070 

0 336 

0 249 

0 

041 

0 

211 

Milk, cow’s* 

0 124 

0 011 

0 

069 

0 154 

0 092 

0 

091 

0 

031 

Milk, cow’sf 

0 120 

0 011 

0 

051 

0 142 

0 094 

0 

120 

0 

033 

Muskmelonf 

0 017 

0 012 

0 

061 

0 235 

0 015 

0 

041 

0 

014 

Oatmeal* 

0 060 

0 143 

0 

072 

0 365 

0 402 

0 

027 

0 

215 

Oatmealf 

0 093 

0 127 

0 

081 

0 380 

0 380 

0 

035 

0 

215 

Orangesf 

0 043 

0 012 

0 

007 

0 183 

0 022 

0 

010 

0 

013 

Peaches! 

0 007 

0 012 

0 

015 

0 208 

0 020 

0 

010 

0 

010 

Peanutsf 

0 071 

0 169 

0 

052 

0 706 

0 392 

0 

040 

0 

243 

Peas, dried* 

0 139 

C 150 

0 

072 

0 940 

0 370 

0 

034 

0 

264 

Peas, dried! 

0 100 

0 145 

0 

118 

0 880 

0 397 

0 

040 

0 

230 

Potatoes I* 

0 006 

0 022 

0 

048' 

0 403 

0 042 1 

0 

059 

0 

042 

Potatoes II* 

0 009 

i 0 027 

0 

043 

1 0 431 

0 047 

0 

094 

b 

043 

Potatoes! 

0 011 

0 022 

0 

019 

0 440 

0 061 

0 

030 

0 

030 

Prunes* J 

0 038 

0 046 

0 

101 

0 845 

0 080 

0 

004 

0 

032 

Prunesf 

0 043 

0 048 

0 

074 

0 996 

0 109 

0 

010 

0 

030 

Radishes! 1 

0 036 

0 012 

0 

082 

0 141 

0 039 

0 

050 

b 

OdO 

Raisins! 

0 057 

0 009 

0 

141 

0 830 

0 126 

0 

070 

b 

060 

Raspberry juice! 

0 021 

0 018 

0 

007 

0 141 

0 013 

0 

010 

0 

007 

Rice I* 

0 018 

0 058 

0 

109 

0 104 

0 110 

o 

133 

0 

170 

Rice II* 

0 022 

0 044 

0 

025 

0 070 

0 OSO 

0 

075! 

0 

118 

Rice! 

0 008 

0 027 

0 

021 

0 068 

0 0S9 

0 

050 

0 

lOo 

Turnips* 

0 023 

0 009 

0 

067 

0 101 

0 021 

0 

018 

0 

046 

Turnips! 

0 064 

0 169 

0 

059 

0 332 

0 051 

0 

040 

0 

070 

Wheat, entire* 

0 044 

0 170 

0 

106 

0 516 

0 469 

0 

OSS 

0 

174 

Wheat, entire! 

0 044 

0 128 

0 

051 

0 431 

0 393 

0 

080 

0 

170 

Wheat, flour* 

0 026 

0 030 

0 

069 

0 146 

0 086 

0 

076 

0 

206 


* Data determined In thla laboratory 

t Data partly compiled, partly determined In this laboratory 
t Data published by Katz 


eluding fish) examined show decided excess of acid-forming ele- 
ments The meats of different species or of young and mature 
animals of the same species show very similar results m this 
respect The acid-forming elements also predominate m eggs 
though to a somewhat less degree than m lean meats Gram 
products show a much smaller predominance of the acid-forming 
elements than do meats and eggs when compared on the 100 
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TABLE 2 

Excess of acid-formxng or base-forming elements, calculated from Table 1 


ARTICLE OF FOOC* 


Almonds* 

Almondsf 

Apples! 

Asparagusf 
Bananasf 
Beans, dned* 

Beans, dned! 

Beans, lima, dned! 
Beets! 

Cabbage* 

Cabbage! 

Carrots! 

Cauliflower! 

Celery! 

Cherry juice! 
Chestnuts! 

Corn, sweet, dried! 
Crackers* 

Currants, dned! 
Eel! 

Eggs! 

Egg white! 

EEC J oik! 

Fish haddock! 

Fish, pike! 

Lemons! 

Lettuce! 

Meat, beef, lean, I* 
Meat, beef, lean, II* 
Meat, beef, lean,! 
Meat, beef, lean,! 
Meat, chicken! 
Meat, frog! 

Meat, pork, lean! 


EXCESS ACn> OR BABE Et TERMS OF NORMAL. BOLTTTIONB 

Per 100 grams 

Per 100 calories 

Acid 

Base 

Acid 

Base 

ec 

ee. 

cc 



12 38 


1 86 


11 76 


1 76 


3 76 


5 98 


0 81 


3 65 


5 56 


5 62 


23 87 


6 92 


11 58 


3 36 


41 65 


12 OS 

! 

10 86 


23 57 


4 34 


13 76 


7 10 


22 51 


10 82 


23 91 

t 

5 33 


17 48 


7 78 


42 17 


4 40 




7 42 


3 19 

5 95 


1 77 


7 81 

5 97 

1 95 

1 85 

9 89 


** 


11 10 


7 55 


5 24 


9 52 


26 69 


7 08 


16 07 


** 


11 81 

5 45 

*« 

12 32 


7 37 


38 69 

13 91 


12 10 


10 05 


8 74 


12 00 


10 44 


13 67 


11 89 


17 01 


** 


10 36 


** 


11 87 


** 



m mu laboratory 

i ss 2 h r^r r determiarf ,n tb,s ub ~ 

Data insufficient to penult calculation of acid to calorie basu 
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TABLE II — Continued 

i 


EXCESS ACID on BASE IN TERMS OF NORMAL SOLUTIONS 


' 

ARTICLE OF FOOD 

j Per 100 grams 

Per 100 calories 

Acid 

Base 

Acid 

I 

• Base 


cc 

cc 

cc 

i 

cc 

Meat, rabbit} 

14 80 


** 


Meat, veal} 

13 52 


** 


Meat, venison} 

15 83 


** 

1 

Milk, cow’s* 


2 37 


-ift 

CO 

Milk, cow’s} 


1 26 


1 83 

Muskmelonf 


7 47 


18 82 

Oatmeal* 

| 12 93 


3 23 


Oatmeal} 

10 63 


2 66 


Oranges} 


5 61 


10 94 

Peaches} 


5 04 


12 20 

Peanuts} 

3 9 


0 70 


Peas, dried* j 


7 07 


1 9S 

Peas, dried} | 


3 36 


0 94 

Potatoes I* 


7 19 


8 03 

Potatoes II* 


5 5 



Potatoes} 


7 72 


9 26 

Prunes* | 


24 40 


1 8 0,1 

Prunes} 


25 55 


8 43 

Radishes} 


2 87 


1 9 79 

Raisins} i 

1 

23 68 


6 87 

Raspberry juice} 


4 91 


, 

Rice I* 

8 1 


3 35 j 


Rice II* 

7 08 


2 05 


Rice} 

8 35 


2 42 1 


Turnips* 

1 

2 68 

! 

6 80 

Turnips} 


6 SO}} 

I 

9 41 

Wheat, entire* 

9 66 


3 25 


Wheat, entire} 

12 39 

l 

3 47 


Wheat, flour* 

11 61 

| 

2 70 i 



•Data determined in this laboratory 

t Data partly compiled, partly determined in this laboratory 
t Data published by Katz 

** Data insufficient to permit calculation of acid to calorie basis 
tt Possible loss of sulphur compounds in drying pro\ lous to analysis 
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calorie basis or on the basis of dry matter Milk shows a slight 
predominance of bases In vegetables and fruits the predomi- 
nance of bases is usually much greater, a 100 calone portion of 
potato for example furnishing enough bases to almost exactly 
neutralize the excess of acids from a 100 calone portion of lean 
beef The few nuts so far examined yield different results, the 
peanuts showing an excess of acid-forming elements while the 
base-forming elements predominate m almonds and chestnuts 
It mil be of interest to study other edible nuts and to determine 
whether the partial or complete substitution of nuts for meat 
produces a marked effect upon the balance of acid-forming and 
base-forming elements m the diet as a whole 

METABOLISM EXPERIMENTS 

In addition to the determination of the balance of acid-forming 
and base-forming elements in a variety of foods our investiga- 
tion was planned to include a study of the extent to which the 
acid arising from oxidation of an “acid-forming” food is neu- 
tralized by ammonia when such a food is metabolized in the hu- 
man body It was desired to study this point upon a healthy 
man with ordinary articles of food avoiding any extremes of diet 
or any unusual condition which might interfere with the normal 
working of the neutralizing mechanism 

First Experiment — A healthy man (A 0 G ) twenty-seven 
years old, 5 feet 7 inches (1 70 meters) high, weighing 142 pounds 
(64 5 kilograms) took for ten days (November 27 to December 7, 
1910) a diet which was uniform throughout except that during 
the first four and the last two days it contained 340 grams of 
potato while from the fifth to the eighth day inclusive the potato 
was replaced by amount of nee (80 grams weighed dry) sufficient 
to furnish approximately the same energy value (about 300 cal- 
ories) Since 340 grams of the potatoes here used furnished an 
excess of base-forming over acid-forming elements equivalent 
to 15 cc of normal base while 80 grams of the nee contained an 
excess of acid-forming elements equivalent to 6 7 cc of normal 
acid, the change in diet corresponded to the production m the 
body of 21 7 cc of normal acid per day Beginning with the 
third day of the experiment the urine was collected in 24 hour 

TOE JOURNAL Or BIOLOGICAL CHEMISTRY YOL. XX \o 4 
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samples, carefully preserved to prevent ammomacal fermenta- 
tion, and the ammonia content of each day’s urine was determined 
by Folin’s method The total nitrogen of the urine was also 
determined 

The numerical data of tins experiment are briefly svraunamed 
in Table 3 

TABLE 3 


Average dala of first metabolism, experiment 


INTAKE PER DAT 

DIET WITH 
POTATOES 

DIET WITH RICE 

DIET rrmr 
POTATOES 

Third and fourth 
days 

Fifth to eighth 
days 

Ninth and tenth 
day a 

Lean beef 

228 grams 

228 grams 

228 grams 

Butter 

142 grams 

142 grams 

142 grams 

Biscuit (dry) 

130 grams 

j 130 grams 

130 grams 

Almonds 

60 grams 

1 60 grams 

GO grams 

Salt 

1 6 grams 

6 grams 

6 grams 

Sugar 

50 grams 

50 grams 

50 grams 

Tea 

3 cups 

3 cups 

3 cups 

Potato 

340 grams 


340 grams 

Rice 


80 grams 


Estimated calories 

27S0 

2773 

2780 

Estimated excess acid-j 




forming elements in 1 

I 

- 


terms of normal solution 

11 Occ 

32 7 cc 

11 Occ 

OUTPUT IN URINE— AVERAGE 




PER DAT 




Nitrogen 

12 4 grams 

10 9 grams 

10 3 grams 

Ammonia 

0 43 grams 

0 52 grams 

0 43 grams 

Ammonia m terms of nor 




mal solution 

25 1 cc 

30 5 cc 

25 3 cc 


It will be seen that m this experiment a change m diet which 
increased the excess of acid-forming elements in the daily food 
by the equivalent of 21 7 cc of a normal solution, caused a rise 
in the daily ammonia excretion corresponding to only 5 4 cc 
normal solution In other words only one-fourth of the extra 
acid estimated as introduced into metabolism by the change in 
diet was neutralized by ammonia and eliminated as ammonia 
salt 
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Tbe agreement of results in the first and third periods and the 
regularity of the data for the individual dajs (not shown in the 
condensed table) of the second period make it evident that the 
relatively small part played by ammonia in the neutrahzation of 
the acid cannot be attributed to “lag” in the response of the 
ammonia metabolism to the change m diet The response was 
prompt, both m changing from potato to nee and from nee to 
potato, but it accounts for only the smaller part of the acid in- 
volved 

Second Experiment — The subject and general plan were the 
same as in the preceding experiment but the analyses were much 
more detailed Each of the seven elements concerned in the 
balance of acids and bases was determined in each article of food 
and in the unne from each diet, and each day’s unne was also 
analyzed for neutral or unoxidized sulphur, total mtrogen, and 
total acidity (by the usual method, with phenolphthalem as 
indicator) as w T ell as foT ammonia This experiment covered two 
preliminary and nine experimental days, the latter in three con- 
secutive periods of three days each during which the subject main- 
tained a uniform daily schedule as follows Arose at 7 a m 
reached laboratory at 8 30, prepared breakfast, at 9 a m emptied 
bladder, and began experimental day with first meal, after which 
did analytical work m laboratory until 1pm, then took second 
meal and worked m laboratory till 6 p m , then took third meal 
and worked again m laboratory until 9pm, retired at 10 30 
p m and slept eight and one-half hours One liter of water was 
taken daily in portions of 200 cc at 10 a m , 3, 5, 7 and 9pm 
Somewhat larger amounts of meat, butter and sugar were taken 
than m the preceding experiment 

The averaged numerical data of this experiment are shown m 
Table 4 

In this case the change of diet corresponded to an increase of 
the excess of acid-forming elements equivalent to 28 1 cc nor- 
mal acid when estimated directla from the amounts of elements m 
the foods or to 32 7 cc normal acid when allowance is made for 
the unoxidized sulphur of the unne from each diet Of this the 
increased ammonia excretion accounts for 10 7 cc or about one- 
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TABLE •} 

Average data of second melabohsm experiment 


INTAKE PER DAI 

DIET -WITH 
POTATO 

DIET TVITH IUCB 

diet with 

POTATO 

Tlrst second and 
third days 

Fourth fifth and 
sixth days 

Seventh eighth 
and ninth days 

Lean beef 

270 grams 

270 grams 

270 grams 

Butter 

150 giams 

150 grams 

150 grams 

Biscuit (dry) 

130 grams 

130 grams 

130 

Almonds 

60 grams 

60 grams 

60 grams 

Salt 

4 2 grams 

4 2 grams 

4 2 grams 

Sugar 

SO grams 

80 grams 

80 grams 

Tea 

3 cups 

3 cups 

3 cups 

Potato 

340 grams 


340 grams 

Rice 


80 grams 


Estimated calories 

3011 

3004 

3011 

Calcium 

0 38 grams 

0 37 grams 

0 38 grams 

Magnesium 

Q 48 grams 

0 42 grams 

0 48 grams 

Sodium 

4 79 grams 

4 66 grams 

4 79 grams 

Potassium 

3 07 grams 

1 66 grams 

3 07 grams 

Phosphorus 

1 22 grams 

1 12 grams 

1 22 grams 

Chlorine 

7 55 grams 

7 29 grams 

7 55 grams 

Sulphur 

1 25 grams 

1 20 grams 

1 25 grams 

Estimated excess acid- 




forming elements m 




terms of normal solu- 




tion 

21 9 cc 

52 0 cc 

21 9cc 

Excess of acid-forming 




elements estimated 




after deducting for un- 




oxidized sulphur m 




urine 

9 4 cc 

42 1 cc 

9 4 cc 

OUTPUT IN URINE — AVERAGE 




PER DAI 




Nitrogen 

12 9 grams 

12 3 grams 

12 5 grams 

Calcium 

0 20 grams 

0 22 grams 

0 22 grams 

Magnesium 

0 11 grams 

0 11 grams 

0 12 grams 

Sodium 

4 72 grams 

3 96 grams 


Potassium 

2 32 grams 

1 32 grams 


Phosphorus 

0 74 grams 

0 75 grams 


Chlorine 

5 85 grams 

5 27 grams 


Sulphur, total 

0 94 grams 

0 82 grams 

0 86 grams 

Sulphur, as sulphate 

0 74 grams 

0 71 grams 

0 74 grams 

Ammonia 

0 41 grams 

0 59 grams 


Ammoma m terms of nor- 




mal solution 

23 8 cc 

34 5 cc 


Acidity in terms of nor- 




mal solution 

21 4 cc 

34 1 cc 



See table 5 
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third, while the increased acidity of the urine accounts for 12 7 
cc or about two-fifths 3 

In view of the fact that there has been a tendency to regard 
increased ammonia output as a test and measure of surplus acid 
production m the tissues it is interesting to note that m this ex- 
periment the increased acidity of the unne plai ed a larger part 
in the acid elimination than did the increased ammonia output 
It is also worthy of note that the total phosphorus of the unne 
was not increased, indicating that the extra acid produced in 
metabolism did not, under the conditions of this expenment, have 
the effect of robbing the bodj of phosphates Neither was there 
any marked change in the output of fixed bases beyond that 
which may readily be attributed to the differing amounts in the 
tw o diets 

Some additional points of interest are suggested by an exami- 
nation of the acidity and ammonia of the urine for the individual 
day s of this expenment as shown in Table 5 

It wall be seen that on passing from the diet with potato to that 
wath nee the output of ammonia and the acidity of the urme rose 
immediately, the first day on the nee diet showing essentially the 
same results as the second and third days, but on changing back 
from rice to potato the urme did not regain the charactenstics 
of the potato diet until the second day This may be accidental 
but if interpreted at face value it would imply that the body re- 
sponded a ery quickly to the intake of an acid-formmg diet but 
did not with equal rapidity return to the more normal metabolism 
w hen the more normal diet was resumed 4 

3 To determine quantitatively how the body disposed of the acid not 
accounted for by the increased ammonia and the increased acidity of the 
urine would lead be\ond the scope of this investigation The possibility 
of excretion through the intestine is recognized \na1vsis of the feces 
passed on one of the days on each diet showed a difference ’n balance of 
acid-forming and base-forming elements which, if accurately representative 
of the entire periods, would account for most of the excess Dot accounted for 
hi the ammonia and aciditv of the urine Loss of the feces of the other dav s 
through an acciden* m the laboratory prevented further study of this point 
It is possible that a quantitative collection and analysis of the perspiration 
might also throw light upon the fate of that fraction of the acid produced in 
metabolism which is not accounted for bv the urine 

1 If the difference in acidity and ammon a between the unnes of Febru- 
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TABLE 5 

Toial nitrogen, ammonia and acidity of urine of each day in second metabolism 
experiment 



DATE 

TOTAL 

NITROGEN 

AMMONIA 

ACIDITY 

f 

February 21 

prams 

12 33 

grams 

0 39 

cc normal ani 

21 7 

Diet with potato 1 

February 22 

13 06 

0 41 

17 7 

l 

February 23 

13 17 

0 41 

24 7 


February 24 

13 12 

0 58 

34 6 

Diet with rice < 

February 25 

12 03 

0 59 

36 7 

l 

February 26 

11 77 

0 59 

31 0 


February 27 

11 60 

0 49 

30 6 

Diet with potato 1 

February 28 

13 36 

0 41 

21 8 

[ 

March 1 

12 64 

0 44 

30 5 


On the last experimental day (March 1, 1911) the division of 
the food into meals was changed and a part of the meat nns 
eaten at breakfast while all of the potato was eaten at luncheon 
and dinner This separation of the principal acid-forming from 
the principal base-formmg food was accompanied by an increased 
urinary acidity and ammonia output on this day as compared with 
the preceding day or with the first period when the diet was the 
same but the meat was always eaten m the same meal with potato 
No conclusion should be drawn from the metabolism of a single 
day but it may not be out of place to suggest that the obvious 
interpretation of tluS result (if confirmed by further investiga- 
tion) would be that m order to obtain the full physiological 
effect of a balancing of acid-formmg and base-formmg elements, 
the foods which contain a marked excess of acid-formmg elements 
should be balanced m each meal by foods m which base-forming 
elements predominate 

The authors take pleasure m acknowledging their indebtedness 
to Professor Mandel for the privilege of carrying on a part of the 
work m his laboratory at the University and Bellevue Hospital 
Medical College 

aTy 27 and 28 be considered as due to the elimination of acid brought into 
metabobsm by the diet of the preceding days, the relative importance of 
urinary acidity and ammonia output remain unchanged but the tota 
amount of acid accounted for bv the urine is somewhat increased and the 
estimate of the amount otherwise disposed of becomes smaller 
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SUMMARY. 

The balance of acid-forming and base-forming elements has 
been estimated from sixty-three ash analyses representing forty- 
seven different kinds of food, and expressed as surplus acid or 
base in terms of cubic centimeters of a normal solution per 100 
grams and 100 calories of edible material 
The meats (including fish) show decided predominance of aeid- 
formrng elements The results are very similar for the lean flesh 
of different species or of young and mature animals of the same 
species 

The acid-forming elements also predominate m eggs though 
to a somewhat less degree than in lean meats 

When compared on the basis of dry matter or of the 100 calone 
portion, gram products show a much smaller predominance of 
acid-forming elements than do meats and eggs 
Milk shows a shght predominance of base-forming elements 
Vegetables and fruits show a predominance of base-forming 
elements, usually much greater than in milk 

In two experiments each of several days duration a healthy 
man took first an ordinary mixed diet containing sufficient potato 
to furnish about 300 calories or about one-tenth the total value 
of the diet, then replaced the potato with nee of the same energy 
value, and later replaced the nee by potato The change from 
potato to nee diet involved an alteration of the estimated bal- 
ance of acid-formmg to base-forming elements equivalent to the 
introduction of 21 7 cc of normal acid per day in the first expen- 
ment and 32 7 cc in the second 

The ammonia excretion increased m the first case about 21 
per cent and in the second about 44 per cent, but this increase 
was sufficient only to account for one-fourth to one-third of the 
acid involved 

In the second experiment, the acidity of the unne was also 
determined and the effect of the change of diet noted The 
acidity of unne increased about 51 per cent and was found to 
account for a greater proportion of the acid than was accounted 
for by the ammonia elimination 

In this expenment the increased acidity was not accompanied 
b\ anv increase in the total phosphorus in the unne 
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ON THE ISOLATION OF OOCYTASE, THE FERTILIZING 
AND CYTOLYZENG SUBSTANCE IN MAM- 
MALIAN BLOOD-SERA 

Br T BRAILSFORD ROBERTSON 

(From the Rudolph Sprechels Physiological Laboratory of the Unnerstly of 

California ) 

(Recened for publication, March 14, 1912) 

It has been shown by Loeb 1 that the eggs of sea-urchins ( Slrongy - 
locenlrotus purpuratus or franciscanus) can be induced to form a 
fertilization-membrane by immersing them m the sera or tissue 
extracts of other animals Their susceptibility to these tissue- 
extracts varies Thus if the tissue-extracts or blood of worms, 
for example, be emploj ed, the eggs of the sea-urchm may be fer- 
tilized bj simple immersion in the serum without previous treat- 
ment If, however, blood-sera or tissue-extracts of mammalia 
be employed, it is, as a rule, found necessary first of all to sensitize 
the sea-urchin eggs by previous treatment with a sensitizing agent 
The onlj effectn e sensitizing agents found by Loeb were exposure 
to a lugh temperature (31° to 36°C ) or immersion m a solution 
of strontium or barium chloride (approximately isotonic with 
sea v ater ) Banum chloride is, howex r er, not practicable to 
employ for this purpose on account of its high toxicity 
I find that under certain circumstances calcium chloride is 
also capable of acting as a sensitizing agent, although much less 
powerfullj than strontium chloride On examining various 
samples of ox-blood serum, one finds a marked variation m their 
potencj as fertilizing or cytolyzing media Some samples contain 

1 J Loeb Arch f d gcs Physiol , cxvui, p 36, 1907,c\xn, p 96, 190S,cxnv, 
P 37, 190S Die chemischc Enlmcl lungscrregung des lienschen Eies, Berlin, 
1909, p 185 
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so little of the fertilizing agent 2 that even after sensitization of the 
eggs with strontium chloride the proteins present in the serum are 
sufficient to inhibit the membrane-formation, 3 and membranes 
are only formed m diluted serum (one-eighth to one-sixteenth) 
Other samples of serum contain more of the fertilizing agent and 
fertilization-membranes are formed m the undiluted serum after 
sensitization of the eggs with strontium chloride A few samples 
of serum contain so much of the fertilizing agent that they will fer- 
tilize the eggs of a certain percentage of females without previous 
sensitization of the eggs This fact is illustrated by the following 
experiment 

Freshly centnfugalized ox-serum, sample VIII Rendered isotonic with 
sea water by the addition of Nad 

To 2 cc samples of this serum were added 2 drops each of a thick suspen 
sion of the eggs of females A to J of Strongylocentrolus purpurahis The 
following were the results 

Female A In eleven minutes 100 per cent fertilized Marked ngglu 
tmation 

Female B In eleven minutes no membranes, in twenty minutes 100 per 
cent fertilized The eggs are agglutinated 

Female C In two hours no membranes, the eggs are, however, aggluti 
nated 

Female D In two hours only one or two eggs out of some thousands have 
small "blisters” upon their periphery, none have membranes, and the eggs 
are not agglutinated 

Female E None fertilized m thirty-five minutes No agglutination 

Female F Less than 1 per cent have membranes in thirty-five minutes 
No agglutination 

Female G In fifteen minutes 100 per cent have membranes and the eggs 
are agglutinated 

Female H In fifteen minutes 100 per cent have membranes and the eggs 
are agglutinated 

Female J In eight minutes 100 per cent have membranes and the eggs are 
agglutinated 

Thus out of 9 females 5 were fertilized by this serum and 4 w T ere 
not It will be noticed that the tendency of the eggs to agglutinate 
or clump together m the serum runs parallel with their susceptibility 
to the fertilizing action of the serum 

• The experimental proof of the fact that these variations in potcncs arc 
due to variations m the oocytase-content of the sera w ill form the sub;ect o 
a separate communication ^ 

3 T Brailsford Robertson Umv of Calif Pub Physiol , iv, p 79, 191 
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The eggs of females D, E and F were immersed for four minutes 
in £ CaCI; and then two drops of each of these samples of eggs 
were placed m 2 cc of the abo%e serum The following were the 
results obtained 

Female D Membranes beginning or complete in 100 per cent mfive 
minutes The eggs are agglutinated 
Female E In four minutes the eggs are agglutinated and over 50 per cent 
have membranes In ten minutes there were membranes on 100 per cent 
Female F In three minutes over 50 per cent have membranes and m 
ten minutes 100 per cent The eggs are agglutinated 

It is therefore clear (1) that under favorable circumstances, i e , 
if the fertilizing agent be abundant in (he serum , calcium chloride 
sensitizes the eggs of sea-urchins to the fertilizing agent The action 
is therefore one which is common to all of the all aline earths, (2) that 
the same agent which sensitizes for fertilization also sensitizes for 
agglutination 

I obsert ed that on adding BaCU or SrCl* to normal serum, or 
CaCli to heated serum (57° for three hours, which does not destroy 
the fertilizing agent 4 ), a precipitate is produced fin the case of BaClj) 
or an opalescence (SrCh or CaCl») which does not immediately 
disappear on rendering the serum acid It occurred to me, there- 
fore, that the fertilizing agent might be precipitable by alkaline 
earths and that the sensitizing action of the alkaline earths might 
be due to the fact that they precipitate the fertilizing agent upon 
the egg This possibility indicated a procedure for isolating the 
fertilizing agent bom blood-seia which, after several trials, finally 
enabled me to obtain a preparation of the fertilizing agent which is 
so potent that it exerts a marked action upon sensitized eggs 
(SrCl 5 sensitization) at a dilution of one to twenty-five thousand 
It has been observed by Loeb that the fertilizing agent is pre- 
cipitated by acetone I accordingly proceeded as follows 
To 860 cc of the isotomc serum (sample YI II) alluded to above, 
I added 400 cc of 7 per cent BaCl- A thick cloud is produced 
On standing m a warm place (37°) for an hour a fine precipitate 
settles upon +he bottom of the vessel, which, on gently agitating, 
clumps together m coarse heavj floccuh Barium carbonate and 
sulphate do not settle so quickly as this m solutions containing 


4 Loeb hoc ext 
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colloids, and the supernatant cloud which still remains consists m 
the mam, probably, of these substances Nevertheless m order 
to be sure of obtaining a tolerably complete yield, I centrifuged the 
mixture The entire precipitate settles readily m the form of a 
thick cake at the bottom of the centrifuge tubes This precipi- 
tate is thoroughly drained and then is shaken up in 2 per cent 
BaClo several times and re-centrifuged to rid it of adherent serum 
The washed precipitate from the entire 860 cc of serum was now 
suspended in 100 cc of to HCI and stirred continuously for one 
half hour until the residual undissolved material (probably BaSCh) 
was thoroughly broken up into a fine powder 

The yellowish clear solution obtained by centnfugahzing this 
mixture contains the fertilizing agent and barium chloride In 
order to free it from BaCI 2 I added 10 cc of 10 per cent Na«S0 4 
solution and allowed the mixture to stand at 50° over night The 
mixture was then centrifuged and the clear yellowish supernatant 
fluid tested for barium by the addition of Na 2 S0 4 It yielded no 
precipitate or opalescence and was therefore free from barium 

To this fluid were added four volumes of acetone A light fioc- 
culent precipitate was formed at once, which settled readily This 
was collected upon a hardened filter, washed twice with 500 cc of 
alcohol and twice in 500 cc of ether 5 and dried over H 2 S0 4 at 36 
for twelve hours The substance was thus obtained in the form of 
a pure white, slightly caked powder This was pulverized and 
further dried over H 2 S0 4 for three days at 36°C 

This substance, of which about 150 mgs m all were obtained, 
dissolved only in traces m sea water, but it dissolved readily and 
quickly m to HC1 Accordingly, 80 mgs were dissolved m 6 5 cc 
of fw HC1 and the clear yellowish solution thus obtained was exactly 
neutralized by the addition of 6 5 cc of to NaOH The solution 
became somewhat opalescent This solution was now rendered 
isotonic with sea water by the addition of 2 2 cc of •%' NnCl, and 
then diluted to one, one-half, one-fourth, and so forth by the addi- 
tion of sea water, forming solutions containing 1 part m 200, 
400, and so forth of the fertilizing agent On adding sea water the 
opalescence of the solution greatly increased, the mixture contain- 
ing an equal volume of sea water and of the original solution being 

5 These washings w’ere carried out inside an incubator over sulphuric 
acid jn order to avoid the deposition of atmospheric moisture upon the n cr 
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almost milkj This opalescence continued to be very marked 
down to a dilution of one-axtv-fourth 
The eggs ofonefemale Strongylocentroius purpuratusvrere divided 
into three portions One portion was not sensitized at all, another 
was sensitized by four minutes’ immersion in ” SrClj, and a third 
by 4 minutes’ immersion in ^ CaCl; Two drops of thick egg- 
suspension were added to 2 cc of each of the dilutions of the solu- 
tion just described The following were the results 

Eggs Sensitized mlh SrCU 

Effect of 1mm era Inc the eggs In this solution 

Immediate agglutination e In fifteen 
minutes irregular crinkled and col- 
lapsed membranes surround the ma- 
jontj of the eggs 

Immediate agglutination A dense 
precipitate surrounds the aggluti- 
nated masses of the eggs so that the 
individual eggs cannot be discerned 
Immediate agglutination A dense 
precipitate surrounds each egg 
After two hours in all those cases in 
which the egg itself can be observed 
there is a distinct membrane 
Agglutinated in one minute Blisters 
onseveral of theeggsinfourminutes 
No change after seventy-five min- 
utes 

Slight agglutination m onemmute 
No further change in seventy -five 
minutes 

No agglutination From this dilu- 
tion down to that of 1 part in 409,- 
600 the substance had no action 
upon the eggs 

* This agglutination is not to be confused with the phenomenon of "sticki- 
ness which is exhibited bj all eggs which have been treated with strontium 
chloride When eggs which have been treated with strontium chloride are 
dropped into sea water the} soon sink to the bottom of the vessel and adhere 
to it in a thin la} cr, even if shaken up before the} sink, the} do not adhere 
m clumps, at most one or two sticking together verj looselj so that the} can 
readil} be shaken apart again Eggs which "agglutinate,” in the sense m 
which the word is used ahove, "clot” or form large clumps resembling coag- 
ula almost the instant the} are dropped into the agglutinating mixture 


Dilution of the soluUon 
of the fertilising agent 

1 part in 200 


1 part m 400 
1 part in 800 
1 part in 1,600 
1 part in 3,200 
1 part in 6,400 


1 part in 12,800 


1 part in 25,600 


1 part m 51,200 
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1 part in 400 

1 part in 800 
1 part m 1,600 

1 part m 200 

1 part in 400 

1 part in 800 

1 part m 1,600 

1 part m 3,200 
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Unsensitized Eggs 

Irregular membranes and blisters 
and agglutination within one min- 
ute Inf our minutes 10 per cent of 
the eggs are cytolyzed In five 
minutes crinkled and collapsed 
membranes upon all of the eggs In 
thirty minutes 50 per cent c}to- 
lyzedor converted into “shadows ” 
Irregular blisters on 20 per cent of the 
eggs m five minutes Agglutina- 
tion occurred at once Irregular 
crinkled membranes in about 50 
per cent in fifteen minutes 
Agglutination occurred at once In 
fifteen minutes 100 per cent hare 
perfect spherical membranes 
No agglutination From this dilu- 
tion down to that of 1 part m 409,600 
the substance had no action upon 
the eggs 

Eggs Sensitized ivith CaCk 

Blisters and irregular crinkled and 
collapsed membranes and pro- 
nounced agglutination within one 
minute In fifteen minutes 10 per 
cent cytolyzed In two hours 80 
per cent cytolyzed 
Pronounced agglutination m one min- 
ute In two hours blisters upon ail 
of the eggs but no complete mem- 
branes 

Agglutinated in one minute In fi ye 
minutes large and perfectly spheri- 
cal membranes on 100 per cent, each 
membrane having a fine precipitate 
imbedded in it here and there upon 
the periphery 

Agglutinated m one minute In two 
hours a few have membranes 
but the number cannot be clearly 
made out owing to the flocculent pre- 
cipitate which surrounds the eggs 
No agglutination From this dilu- 
tion down to that of 1 part in 6,400 
the substance had no action upon 
the eggs 
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From the results it is clear that a substance precipitable from 
serum by BaCb or by acetone and soluble m dilute acids and salt 
solutions is capable of bringing about membrane formation, partial 
or complete, at certain dilutions The eggs can also be sensitized 
to the action of this substance by previous immersion in solutions 
of SrClj and CaCl 2 and the sensitizing action of these substances is 
clearly seen to reside m their power of form i ng an insoluble com- 
pound with the fertilizing agent and precipitating it upon the eggs 
So dense is this precipitate when SrCl 2 is employed as the sensitiz- 
ing agent that if membranes are formed m solutions of dilutions of 
from 1 part m 400 to 1 part m 3200 they cannot be observed because 
the precipitate completely envelops the eggs and hides them from 
view 

The relative sensitizing powers of CaCl; and SrCl 2 can readily 
be compared from the following summary of results enumerated 
above 


Unsensitizcd eggs 
Eggs sensitized with CnCli 
Eggs sensitized with SrCl 


1 part m 800 
1 part in 1,600 
1 part in 25,600 


It will be recollected (cf above) that the power of serum to 
agglutinate sca-urchin eggs runs parallel with its power to fertilize 
them and that SrCl 2 and CaCl 2 sensitize the eggs to both processes 
It would appear highly probable, therefore, that the substance 
which can be isolated from active sera by the process outlined 
above is the substance which is responsible for the fertilizing, 
cytolyzmg and agglutinating action of these sera upon sea-urchin 
eggs 

Prior to the experiment reported in detail above I made sev eral 
impure preparations of the substance, cont amin ated with BaSCh, 
proteins, etc , all of which fertilized and agglutinated sea-urchin 
eggs after sensitization with SrCl 2 
The small amounts of this substance which I have as jet been 
able to obtain have not sufficed to carry out any extensive inves- 
tigations upon its chemical properties The preparations which I 
hav e made, however, yield Millon’s test 
From data which I hav e obtained and which will be reported 
subsequentlj , it appears probable that the fertilizing agent is 
not present as such in circulating blood, but is derived from the 
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breaking down of corpuscles m shed blood The fertilizing agent 
is also thermostable, resisting an exposure of nineteen hours to a 
temperature of 58° It consequently appears to be analogous to 
the cytases or cell-liquefymg substances observed by Metchm- 
koff 7 and others to be derivable from white corpuscles I there- 
fore suggest that this substance be termed oocytase 


7 E Metchmkoff L’lmmumte dam les maladies infechouscs, Paris, 1902 



ON T HE COMBINED ACTION OF MUSCLE PLASMA 
AND PANCREAS EXTRACT ON SOME MONO- AND 
DISACCHARIDES 

BtP A LEVEN'E and G M MEYER 
(From the Rockefeller Institute for Medical Research, New Yorl ) 

(Received for publication, March 14, 1912 ) 

Through the experiments reported in a previous communication 1 
the present writers have demonstrated that by the combined 
action of muscle plasma and pancreatic extract d-glucose was con- 
verted into a disacchande On the other hand, under the same 
conditions of experiment maltose was cleaved into glucose Nat- 
urally it became important to make clear whether the action was 
applicable also to other sugars Of the previous writers only 
Hall 2 allowed the muscle plasma to act on other sugars than glu- 
cose This investigator extended his experiments to d-levulose, 
Z-arabinose and d-xylose, and was led to the conclusion that the 
glycolytic action of his enzyme mixture was hmited to glucose only 
In the course of our previous work the optimal conditions for the 
action of muscle plasma and pancreatic extract were determined 
with greater certaintj , and this made it urgent to repeat and to 
extend the experiments of Hall, all the more since the action of the 
enzyme mixture is viewed at present m a different light 

Of the liexoses levulose, mannose and galactose were employed 
The mannose was obtained through the courtesy of Dr Hudson of 
Washington, and we wish to express our appreciation for his kind- 
ness Of the pentoses 1-arabmose, d-xjlose and d-nbose were used 
for the experiments Lactose was the disacchande tested 
In regard to hexoses it was found that mannose remained un- 
changed under the conditions of our expenments, but d-levulose 
showed under the influence of muscle plasma and of pancreatic 

' Lei enc nnd Mei er this Journal, ix, pp 97-107, 1911 
* Hall Amer Joum of Physiol , xvm, pp 283-294 1907 
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extract a diminution, of reducing power which could be restored to 
nearly the original power by means of hydrolysis with dilute min- 
eral acid 

In this respect our conclusions differ from those of Hall The 
analysis of tables pubhshedby Hall, however, shows some disappear- 
ance of levulose through the action of the enzyme mixture, but the 
writer is inclined to explain these changes by faults m technique, 
namely by bacterial contamination On the other hand, there is 
no record in his report of the concentration of the sugar employed 
m his experiments, and the importance of this factor has been 
emphasized m our previous publication All our experiments 
were controlled by bacteriological examination, and only those 
experiments were taken into consideration which proved free from 
any bacterial growth Hence the disagreement between our re- 
sults and those of Hall in regard to d-levulose is probably caused 
by the difference m the sugar concentration employed m the experi- 
ments of Hall and m ours 

Regarding the pentoses our experiments are m full accord with 
those of Hall, and there was never observed a diminution m the 
reducing power of the pentose even when the concentration of the 
sugar solutions employed in the experiments was very considerable 

Also m regard to lactose the results of our experimentharmonize 
with those of Hall 

On the basis of all this experience one is led to the conclusion 
that the muscle plasma combined with pancreatic extract possesses 
the power to cause condensation of only two closely related hexoses, 
namely of d-glucose and of d-levulose, and that it remains without 
action on mannose, xylose, ribose, and lactose The same enzyme 
mixture also has the power to bring about the hydrolysis of mal- 
tose, but not of lactose 

EXPERIMENTAL PART 

The enzyme mixtures were prepared m the manner described in 
the previous communication 

All the details of sugar analysis were the same as there described 

The condensed levulose was hydrolyzed by heating on a uater 
bath for two hours with 5 per cent hydrochloric acid 

The results of the analysis are given m the following tables 
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In calculating the grams sugar for 100 cc solution the following 
values for 1 cc w NH 4 CNS equivalent to milligrams sugar were 
used 
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ON THE ACTION OF VARIOUS TISSUES AND TISSUE 
JUICES ON GLUCOSE 

BtP A LEVENE axd G M MEYER 

(From the Rockefeller Institute for Medical Research, New York ) 

(Received for publication, March 14, 1912 ) 

The literature on the glycolytic action of various animal organs 
cont ains most contradictory and confusing statements While 
some writers claimed the presence of sugar-destroying enzymes m 
all organs and tissues, other observers detected such enzymes only 
in few organs, and only under very definite conditions, namely, 
m the presence of some auxiliary substance Thus, in recent years, 
Amheim and Rosenbaum 1 and Stoklasa 2 and his co-u orkers claimed 
a general distribution of sugar-destroying enzymes m all animal 
tissues Rapoport 3 observed gyicolytic action only m blood and 
fibrin and obtained negative results from his experiments with 
other organs Finallj , R Hirsch 4 5 and O Cohnheim 6 observed that 
the glycolytic action is brought about by the combined action of 
pancreas extract and of the liver, or by pancreas extract and mus- 
cle plasma 

It is possible that the observations reported by eierj one of 
the writers are correct, and the apparent contradictions were 
brought about by the different conditions of the respect i\ e experi- 
ments It became ei ident from our work on the combined action 
of muscle plasma and pancreatic extract that alone variations in 
the sugar concentration may change the results of the experiments 
to sucii an extent that a marked disappearance of glucose will 

1 Zcitschr f physiol Chcm , xl, p 220, 1903-1904 

' Pfidgcr's Archil, ci, p 311, 1904 

1 Zcitschr f Ihn Med , Ivn, p 20S, 1905 

* Hofmcislcr’s Bcilrage, lv, p 535, 1903 

5 Zcitschr f physiol Chcm , xxxix, p 336, 1903, xhi, p 401, 1904, xliu, 

p 547, 1904-1905, xlvu, p 253 1906 



354 


Action of Tissues on Glucose 


take place m one instance, and no change m the sugar content in 
the other An analogous observation was made m the worL on 
leucocytes, which will be reported subsequently 

Another factor determining the result of the experiment lies in 
the degree of alkalinity or acidity of the solutions used in. the experi- 
ment The importance of this factor was pointed out first by the 
work of Hall, and was corroborated by our own experiments In 
agreement noth Hall we found that Henderson’s phosphate mixture 
offers the best medium for the study of the so-called glycolytic 
process Still another cause for divergence m the characteristics 
of the results one may find m the difference m the species of the 
animal whose organs were employed m the experiment Recent 
work on the enzymes of animal tissues has brought to light the 
great differences m the enzyme content of analogous organs of 
animals belonging to different species Of course some of the dis- 
crepancies m the results of individual writers may have been caused 
by the different degrees of antiseptic precaution exercised by them 
Only rarely were experiments controlled by bacteriological exami- 
nations Further, the analytical methods employed by different 
workers varied greatly m their accuracy And yet another source 
for possible error may be found m the fact that rarely was there 
made an attempt to search for the products of the disappearing 
sugar 

The knowledge of the products formed in course of the experi- 
ment is important not only for theoretical reasons but as a means of 
detecting bacterial contamination Thus m all our experiments of 
the last two years carbon dioxide was only rarely detected m the 
reaction mixture, and its presence always indicated bacterial con- 
tamination, therefore, we are inclined to believe that m the ex-pen- 
ments of other writers, where there was reported the formation 
of carbon dioxide from sugar, this resulted from bacterial activity, 
and not through the actions of tissue enzymes 

All these considerations led us to subject to a revision all the 
older observations on the presence m animal organs of either 
“glycolytic” enzymes or of activators of the enzymes, all the more 
since it became evident that the so-called glycolysis under the 
combined action of muscle plasma and pancreas consisted m a con- 
densation and not m a destruction of glucose In course of this 
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work the organs of the rabbit and of the dog were employed In 
one senes of experiments the enzymotic effect of the tissue pnlp 
was tested and in another of the tissue juices A still different 
senes of experiments aimed to in\ estigate the presence m van- 
ous organs of enzyme activators For this purpose the action 
of vanous organs aided bj extracts of other organs was tested 
Ever} experiment w as controlled by bactenological examinations, 
made by Dr Bronfenbrenner, only experiments that proved free 
from any bacterial growth w ere taken mto consideration 
The results of the experiments w ere as follows 
A In the experiments with the rabbit, without the aid of acti- 
vators only the action of In er and of muscle tissues w ere tested 
The results m both expenments were negative With the aid of 
pancreas extract also onlj the same tv o tissues w ere tested Posi- 
tive results were obtained only with the muscle plasma 
B In the experiments with the dog without the aid of activators 
the following tissue juices w ere emploj ed muscle, lung, intestine, 
kidnej , pancreas and spleen All experiments w ere negative 
As activators the extracts of the pancreas and of the spleen were 
emploj ed With each actuator were empkned the same tissue 
juices as m the first senes The results were the following The 
addition of pancreas extract did not alter the action of the tissue 
juices, on the other hand, after the addition of spleen extract as 
actu ator there was observed a fall of the reducing power of the 
sugar solution m the expenments with muscle, lung, liver and pan- 
creas The action was of x ery moderate intensity 

In the experiments with tissue pulp the following organs were 
used muscle, spleen, liver, lung and pancreas The results in all 
experiments were negatn e, excepting the liver The expenments 
with liver tissue and additional glucose showed at the end of the 
expenments no change m the original reducing power, on the other 
hand, in the control expenments with liver tissue alone there was 
observed an increase in the reducing power Hence it follows 
that in the expenment with additional glucose there was a com- 
pensation of phenomena so that the nse of glucose formation was 
obsen ed by a simultaneous disappearance of glucose 
With the addition of pancreas extract as actuator the same 
organs w ere used The results w ere the same as m previous senes 



356 Action of Tissues on Glucose 

With the addition of spleen extract as activator the presence of 
enzymotic action was observed m the experiments with muscle, 
lung, liver and pancreas tissues 

Thus m the dog the spleen and not pancreas is the organ contain- 
ing the activator for the enzyme causing the condensation of 
glucose 

The general conclusion from the present experiments is that 
under the conditions here reported, namely, in the presence of 
antiseptics and under the conditions where access of oxygen is not 
totally excluded, animal tissues or their juices, aided or unaided 
by auxiliary substance fail to bring about a destruction of glucose 
Wherever a fall m the reducing power of a sugar solution nas 
brought about by the combined action of tissue and activator 
this was due to a condensation of the glucose However, the 
writers realize that under some other conditions an actual gly- 
colysis may take place and it is hoped the exact conditions will be 
determined at some future date 

EXPERIMENTAL PAftT 

The animals used m the experiments were killed by bleeding 
from the jugular vem The organs were removed under aseptic 
conditions and immediately employed for the preparation of either 
plasma or tissue pulp 

Tissue Plasma For the preparation of this, the organs were 
hashed and extracted for several hours with the Henderson’s phos- 
phate mixture, and then strained through cheese cloth, the residue 
was ground with sand and pressed m a Buchner press at 300 atmos- 
pheres All the liquids were combined and employed for the 
experiments 

Tissue Pulp Five grams of the freshly prepared organ pulp 
were added to a flask containing 45 cc of a solution of glucose in 
Henderson’s phosphate solution 

Intestinal Extract was prepared m the following way The intes- 
tines were washed and the mucous membrane scraped off with a 
knife The substance was taken up in a Henderson’s phosphate 
solution containing glucose and well agitated 

Activators Ten grams of the hashed organ were treated m iden- 
tically the same manner as previously described for the pancreas 



P A Levene and G M Meyer 357 

The final solution was made up to 10 cc and 1 cc added to each 
flask of 50 cc 

Sugar Estimations The reducing power was determined m all 
cases on the strained mixture Ten cubic centimeters of this 
liquid were coagulated by boiling and the addition of acetic acid, 
and made up to 100 cc without filtering This solution was fil- 
tered through a dry filter and five, ten or more cubic centimeters 
used for each reduction The reduced copper uas determined try 
the Volhard method 
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The final products of sugar combustion m the animal organism 
are carbonic acid and water This information is undisputable 
The knowledge of every other phase m the complex process of 
glycolysis has not advanced beyond the state of conjecture The 
paucity of undisputed knowledge regarding this very important 
biological process is due to the fact that mtTavital reactions are 
made visible onlj with great difficulty, and secondly to the great 
variety of theoretically possible processes which may lead to the 
breaking of the links between the individual carbon atoms of the 
sugar molecule 

There are three principal types of sugar degradations One 
begins directly with the oxidation of the end carbon atoms, the 
second consists in a gradual dissociation of formaldehyde It 
represents a reversion of the synthesis of sugar from formaldehyde 
The first step of this reaction leads to the formation of pentose from 
glucose The reaction of the third type leads to a splitting of the 


six-carbon chains of glucose into two three-carbon chains — with 
the formation of either dioxyacetone or of lactic acid as the first 

phase of the reaction 
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Each one of the three types of reactions was taken mto consid 
eration for the explanation of the process of sugar combustion in 
the body and attempts were made to interpret the process on the 
basis of every one of the three reactions 

The method employed for the purpose of bringing to light the 
mechanism of biological cleavage of sugar were the following 

1 The search m the tissues for substances that may originate 
from carbohydrates 

2 Experiments on the action of tissues and tissue extracts on 
sugar 

3 Perfusion of organs with carbohydrates and their cleavage 
products 

4 Feeding healthy and diabetic animals on carbohydrates and 
their oxidation product 

None of the methods has furnished thus far convincing evidence 
which would permit the acceptance, or would force the rejection 
of either one of the possible interpretations of sugar combustion 
m the animal For the reasons which will become evident later, 
we shall briefly review the work which aimed to analyze the possi- 
bility of the intermediate cleavage of hexose into two molecules 
each containing a chain of three carbons Foui substances had 
been named m connection with the biological sugar combustion 
lactic acid, glyceric aldehyde, methylglyoxal and dioxyacetone 

In connection with sugar combustion in the animal organism 
only lactic acid received serious consideration The foimation of 
lactic acid m surviving tissues at the expense of disappearing gl>- 
cogen was accepted by older writers In those experiments the 
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influence of bacteria was not excluded, and the subject received 
a revision m recent years The views of the writers who were 
actively engaged in the investigation of lactic acid in the animal 
organism are equally divided, some regarding protein and others 
carbohydrates as the source of the substance The writers who 
m recent years contributed evidence in support of the carbohy- 
drate origin of lactic acid were Spiro , 1 Hoppe-Seyler 2 and his co- 
workers, Aralu 5 and Zillessen , 4 Embden , 5 and particularly Graham 
Lusk and A It Mandel 6 The most emphatic partisan of the 
protein origin of lactic acid was Minkowski 7 and bis views are 
supported by evidence adduced by Asher and Jackson , 8 and by 
Neuberg and Langsteln 9 

The views of Hoppe-Seyler and his co-workers were based on 
observations on animals placed m conditions which brought about 
insufficient oxygenation of the tissues In all such conditions 
there was observed the elimination of lactic acid through the urine 
Inouye and Saiki made similar observations m epilepsy Emb- 
den reached his conclusions on the basis of perfusion experiments 
The perfusion of livers rich in glj cogen resulted m lactic acid for- 
mation The same result was observed when blood containing 
sugar was perfused through a liver poor m glycogen On the other 
hand, perfusion of a liver freed from glycogen with blood of a very 
low sugar content failed to bring about lactic acid formation Lusk 
and Mandel based their mew on experiments on dogs which received 
combined phlondzm and phosphorus treatment It is known 
that phosphorus injected into normal animals causes the elimina- 
tion of lactic acid On the other hand, the injection of phlondzm 
caused the removal, through the urine, of glucose from the body 
tissues If the phosphorus injection was preceded by a phlondzm 
injection it failed to give nse to an elimination of lactic acid The 

1 Zcitschr f physiol Chem , 1 , p 111, 1877 

1 Fcstschr zu Virchow's Jubildum 

> Zcitschr f physiol Chem , xv, pp 335 and 546, 1891, xvi, pp 201 and 453, 
1892, mi, p 311, 1893, xix, p 422, 1894 

4 Zcitschr f physiol Chem , xv, p 387, 1891 

' Ccnlralblall f Physiol , xvui, p 832, 1905 

* Amer Journ of Physiol , xvj, p 129, 1906 

’ Arch f ex P Path u Pharm , ru, p 67, 1S86, xxxj, p 214, 1893 

* Zcitschr f Biol , xli, p 393, 1901 

* irch f Physiol , SuppI 1903, p 514 

Tnr journal or biological chevcibtrt vol. xi no 4 
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interpretation given by Lusk and Mandel to these observations 
was that normally under the influence of phosphorus lactic acid 
is formed at the expense of glucose, and that phloridzm m remov- 
ing glucose also removes the mother substance of lactic acid 

On the other hand, Minkowski observed that birds, after re- 
moval of the liver, eliminate through their urine considerable 
quantities of lactic acid, and that its value is influenced by the pro- 
tein intake and not by that of carbohydrates Jackson and Asher 
in perfusion experiments failed to detect any influence of carbo- 
hydrate on the lactic acid formation and Neuberg and Langstem 
demonstrated the appearance of lactic acid in the urme after ad- 
ministration of alanine Thus the evidence m support of either 
view was mostly indirect and not sufficiently convincing These 
considerations impelled us a year ago to undertake the study of 
the products formed m course of glycolysis by means of tissue 
extracts The results were all negative For various reasons it 
was deemed advisable to test the influence on glucose of living 
leucocytes Lepme 10 and his co-workers and Mayer 11 had already 
advanced the view that leucocytes were concerned in the process 
of glycolysis Their evidence was indirect and the products of 
leucocytic glycolysis remained unexplained by them 

In the present investigation all the experiments were performed 
under absolutely aseptic conditions The solutions were always 
tested for aerobic and anaerobic microorganisms by Dr Bronfen- 
brenner to whom we are greatly mdebted for that part of the work 
The leucocytes were suspended m a sugar solution containing 15 
per cent of the Henderson phosphate mixture The results of 
the experiments were the following 

1 Under the influence of leucocytes a sugar solution loses part 
of its reducing power 

2 The reducmg power cannot be restored to the original by 
boiling with mineral acids 

3 The rate of glycolysis is in inverse proportion to the sugar 
concentration (The last two points are interesting m connection 
with the influence of muscle plasma and pancreatic extract of 
glucose There the fall in the reducing power was m direct pro- 

10 Le diabhte sucri, Pans, 1909 

11 Arch dc Physiol 2 
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portion to the sugar concentration, and the original reducing 
power could be restored by hydrolysis with mineral acids ) 

4 If distilled water is employed in place of the phosphate mix- 
ture the leucocytes fail to exert any influence on glucose 

5 If toluol is added to the phosphate mixture the leucocytes 
do not demonstrate any action on glucose 

6 As product of the action of leucocytes on glucose, paralactic 
acid was discovered It was identified as the zinc salt Volatile 
acids were not detected 

7 The quantity of lactic acid found was lower than that of the 
disappeared glucose Whether the missing sugar underwent 
decomposition into other substances than lactic acid, or was used 
for synthetic purposes by the leucocytes remains to be established 

EXPERIMENTAL 

Leucocytes Medium sized dogs were given two injections of 
1 5 cc turpentine into the pleural cavity at an interval of three 
days Ether narcosis was used at the first injection Eighteen 
hburs after the second injection the liquid which had formed m the 
pleural cavity was withdrawn by aspiration This exudate, 
which contained the greater portion of the turpentine, was dis- 
carded The following day the aspiration was repeated This 
fluid was received into sterile bottles The color of the exudate 
was a straw yellow occasionally tinged red The quantity of exu- 
date obtained from each dog varied greatly Three or more dogs 
were injected simultaneously so as to insure an ample supply of 
leucocytes The combmed exudate was centnfugahzed and the 
leucocytes washed twice with sterile physiological saline The 
centnfugal flasks contained glass beads to facilitate the breaking 
up of the agglutinated mass and thus aid proper washing and 
mixing 

Solutions In the first three experiments the leucocytes were 
well shaken with sterilized 1 per cent Henderson phosphate solu- 
tion and this suspension added to flasks cont ainin g the desired 
quantity of glucose Merck’s “highest purity” glucose was used 
in all experiments Just enough water was added previous to 
sterilizing, so that it remained liquid after cooling In later 
experiments, nhere only one concentration of glucose was desired, 
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the sterilized glucose syrup was dissolved m the phosphate solution 
and this then added to the leucocytes and well shaken The quan- 
tity of glucose-phosphate solution which was added to the leuco- 
cytes depended to a certain extent upon the quantity of leucocytes 
at hand, although no attempt was made to count the cells The 
mixture was usually made up to a volume nearly one-half of that 
of the total exudate As the exudate contains approximately 
10 per cent leucocytes, the glucose was acted upon by a 20 per cent 
leucocyte suspension The mixture was kept for thirty-six hours 
at 37°C The flasks were stoppered with cotton and well covered 
and sealed with tin foil to prevent evaporation 

Methods of Analysis Immediately after mixing the leucocytes 
with glucose and after thirty-six hours samples were withdrawn 
for analysis The leucocytes were allowed to settle and the clear 
supernatant liquid only used for the sugar determinations The 
liquid was freed of protein by boiling and acetic acid The reduced 
copper was estimated by the Volhard method The details of the 
sugar determination are identical with those already described m 
a previous communication 

Carbon Dioxide A measured volume of the leucocyte mature 
was used for this determination according to the method of Fre- 
semus and Classen The liquid was freed as far as possible from 
protein by heat while still alkaline Phosphoric acid was used to 
acidify the mixture 

Loch c Acid The filtered residue from the carbon dioxide deter- 
mination was evaporated nearly to dryness Anhydrous sodium 
sulphate was then added and all carefully ground m a mortar to an 
impalpable dry powder This was then extracted with anhydrous 
ether, until the extract gave no further test for lactic acid All 
extracts were combined and freed of ether The residue was taken 
up m a little water and boiled with zinc carbonate The filtered 
aqueous solution was evaporated to dryness and the total weight 
obtained This residue w r as usually more or less colored It 
was redissolved m water and clarified by boiling with animal char- 
coal After evaporating to a small volume zinc lactate soon crystal- 
lized The crystals were used for further analysis and identifi- 
cation 

Volatile Acid The uncoagula,ted leucocyte mixture was dis- 
tilled with steam into -nr barium hydrate Glacial phosphoric 
acid was added through a separatory funnel m such a manner as 
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to pretent any loss of C0» and volatile acids The adapter from 
the condenser dipped into the banum hydrate which was contained 
in a tall stoppered cylinder, connected with a senes of wash bottle 
likewise containing barium hydrate and final!}' a soda lime tube to 
guard against absorption of carbon-dioxide through accidental 
back pressure 

A. Experiments shovnng the relation between rate of glycolysis and concen- 
trahonof sugar solution 


Experiment I 600 cc exudate was obtained from two dogs Four flasks 
with glucose at different concentrations were prepared 
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Experiment II 500 cc exudate Four flasks at two different concen- 
trations The remainder 100 cc leucocyte suspension used as control 



-1 

n 

SE 

a s 

D 

U 

P CD 

fego 

gsz 

Xj 

C 

sE 

Zo- 

p— « K 

X 

= £ 
gofc 

^ = - 
O " i 
=2 h 

5 

£ 

S 

C 

< 

si 

B J 

Cm 

I At beginning of experiment 

1 0 

24 4 

24 4 

8 72 



After thirtj -six hours 

1 0 

22 5 

22 5 

HSU 

Ilm&l 

7 5 

II At beginning of experiment 

1 0 

23 9 

23 9 

S 55 



After thirtj -six hours 

1 0 


7 87 

0 6S 

7 9 

III At beginning of experiment 

1 0 

IS 5 

. 18 5 




After thirtj -six hours 

1 0 

16 S 

! 16 8 

5 91 

0 71 

10 7 

IV At beginning of experiment 

1 0 

18 3 

1 18 3 

6 55 



After thirtj -six hours 

1 0 

16 5 j 16 5 


0 65 






368 Action of Leucocytes on Glucose 


B Experiments aimed to lest the formation of volatile acids during the proem 

of glycolysis 

Experiment Ia 100 cc control leucocytes (from A experiment II) 
acidified and distilled with steam into-n r Ba(OH) 2 The Ba(OH) { was fil- 
tered from the carbonate and titrated , phenolphthalem used as indicator 
20 cc -is- Ba(OH) required 17 6 cc HC1 = 2 4 cc 
Experiment Ib 99 cc of the leucocyte-glucose mixture was treated in 
identically the same manner The 99 cc consisted of — 



SUGAR BEFORE j 

SUGAR AFTER 

LOSS 


grama | 

prams | 

prams 

I 30 cc 

2 61 

2 42 

0 19 

II 27 cc 

2 30 

2 12 

0 18 

III 25 cc 

1 65 

1 47 

0 18 

IV 17 cc 

1 13 j 

1 00 

0 13 


7 69 

7 01 

0 6S 


37 3 cc Ba(OH) 2 after distillation and filtering from the carbonate 
required 34 7 cc tbt acid = 2 6 cc neutralized 


C Experiments showing the development of lactic acid in course of glycolysis 

Experiment Ia The residue from B Experiment Ia was extracted m a 
Sehwartz extractor with ether for lactic acid There w as only the merest 
trace of residue obtained from the ether e vtract, which w as neutral to litmus 
Experiment Ib The residue from B Experiment Ib wms extracted for 
lactic acid Yield of crude zinc lactate dried at 100° = 0 3184 gram 
0 0961 gram recrystallized salt, air dried after drying 


= 12 3 percentHiO 
= 12 5 per cent 


= 33 62 per cent 
33 4 per cent 


to constant weight lost 0 0106 gram H 2 0 
Calculated for two molecules H 2 0 
0 1362 gram recrystalhzed salt on ignition yielded 
0 0458 ZnO 
Calculated 

Experiment II Contents of flasks I and II (A Experiment II) nee 
coagulated and extracted for lactic acid No lactic acid was obtained from 
II The yield from 1 = 0 305 gram crude zinc lactate 
0 2616 gram recrystalhzed and air dried salt on heating 

to constant weight at 100° lost 0 032 gram = 12 35 per cent II 3 

Calculated for two molecules HjO =12 5 percent 

0 1135 recrystalhzed and dried at 110° after ignition 

gave 0 0383 ZnO = 33 7 per centZnU 

Calculated = 33 4 per cent 

Experiment IIIa Contents of flask I Experiment E (170 cc ) w as coagu- 
lated and filtered, the filtrate neutralized and evaporated nearly to dryness 
The syrup was acidified with a small quantity of glacial phosphoric acid an 
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well ground with highest purity anhydrous sodium sulphate This powder 
was then repeatedly extracted with hot ether The ether extracts were 
combined and treated as previously mentioned to obtain zinc lactate Yield 
of crude zinc lactate dried = 0 4798 gram 
0 2868 gram recrystallized at 100° dried salt dissolved 
m2 84 cc of water gave a rotation m the polan- 
scope of — 0 22° 

0 3274 gram of the recrystallized salt after drying at 
110° weighed 0 2868 gram 

Loss = 0 0406 gram = 12 31 per cent HjO 

Calculated for two molecules HiO = 12 5 per cent 

0 0999 gram of dried zinc salt gave 0 0337 gram ZnO = 33 8 per cent ZnO 
Calculated = 33 4 per cent 

Experiment IIIb The controls, flasks II and III Experiment E (170 
cc ) were subjected separately to the identical treatment as flask I No 
zinc lactate was obtained 

D Experiments showing effect of distilled water and dilution, 700 cc 

exudate 

I Three flasks with 1 86 grams glucose, mixed with leucocytes and phos- 
phate solution 

II Two flasks with 3 75 grams glucose with leucocytes and distilled water 
III 50 cc lbucocytes and phosphate solution set aside for control 
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E. Effect of adding toluol, control of action of phosphate solution on glucose 

800 cc exudate 


I One flask of 200 cc glucose, leucocytes and phosphate solution 
II One flask of 200 cc as I, with addition of toluol 
III Glucose and phosphate solution 



I At beginning of experiment 2 0 34 0 17 0 6 05 

After thirty-six hours 2 0 3 1 5 15 75 5 60 0 45 7 4 

II At beginning of experiment 2 0 34 3 17 15 6 1 

After thirty-six hours 2 0 34 3 17 15 6 1 0 0 

III At beginning of experiment 2 0 35 2 17 6 6 3 

After thirty-six hours 20 35 2 17 663 0 0 








ON THE ACTION OF TISSUE EXTRACTS CONTAINING 
NUCLEOSIDASE ON a AND /9 METHYLPENTOSIDES 

Bt P A LEVENE, W A JACOBS axd F MEDIGRECEANIJ 
(From the RocUfeller Institute for Medical Research, New Yor) ) 
(Received for publication, March 14, 1912 ) 

Through the work of Levene and Jacobs it nas established that 
the purine bases enter the molecule of the plant nucleic acid and of 
some animal nucleic acids in the form of a d-nboside The struc- 
ture of these may be represented by that of guanosine 

K=C XH 

H H 

OC C— A* CH,— C C C CHsOH 

II \ | OH OH 

CH 

|1 / ! 0 

HN C — A 

Regarding two points of their structure there exists at present 
no definite information The first concerns the place of the union 
between the two molecules The formula given here assumes a 
union in position 7 of the purrne base, but the experimental evi- 
dence admits with the same degree of probability also the position 
8 The second pertains to the two possible stereoisomenc forms of 
the pentosides The assumption of the lactomc structure of gly- 
cosides admits of the existence of tuo isomeric forms of each gly- 
coside conditioned by the asymmetric nature of the end-carbon 
Hence theoretically there are possible a and p forms of the nucleo- 
sides in the same manner as there exist a and p forms of any other 
pentoside, and it therefore remains to be established whether the 
natural nucleosides belong to the a or the P series 
Three methods are av ailable for the solution of the last problem 
The first nas introduced by Fischer 1 and is based on the specific 

1 Zcitschr f physiol Chan , xxvi, p 61, 189S 

171 
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power of certain enzymes to cause the cleavage of glycosides of 
one order leaving intact the other stereoisomeric form Thus 
emulsin is capable of hydrolyzing 0 glycosides but not the a forms 
On the contrary maltose has no capacity for disrupting the 0 
forms, but possesses one for the a forms This method was not 
available m the present investigation, for the reason that neither 
emulsin nor maltose, m the form as we were able to procure them, 
had the capacity for cleaving the nucleosides 
The second method was introduced by Armstrong 2 and is based 
on the observation of the mutarotation of the sugar liberated from 
the glycoside If the mutarotation is analogous to the rotation 
which characterizes the transformation of the a-isomer into the 
stable form, the glycoside is regarded as the a-glycoside and vice 
versa This method is available when there exists an enzyme 
capable of hydrolyzing the glycoside with a sufficiently high degree 
of intensity, and besides, when the transformation of the isomeric 
sugars into their stable forms proceeds at a low rate of velocity 
Unfortunately the sugar liberated from the nucleosides possesses 
a low rotation and is very rapidly transformed into the stable 
form, so that it shows only a low degree of mutarotation, which 
becomes evident only under very definite conditions On the 
other hand, the cleavage of the nucleosides by the nucleases pro- 
ceeds very slowly, so that m a moderately short interval only little 
nbose is liberated Another difficulty was encountered in the fact 
that the hypoxanthme formed m course of the cleavage (mosm 
was used m the experiments) combined with some of the unchanged 
nucleoside, giving rise to a precipitate of earnin All these diffi- 
culties made the method of Armstrong of little value for the pur- 
poses of the present investigation 

The third method was introduced by Hudson, 3 and is based on 
certain numerical values of the rotations of sugars and their gly- 
cosides This method permits of establishing the nature of a 
gtycoside when only one form is known, but when simultaneously 
there exists information regarding the specific rotation of at least 
one form of the sugar According to Hudson the difference m the 
molecular specific rotation of two sugars has a constant value o 


2 Journ Chcm Soc , lwxui, p 1305, 1903 

5 Journ Amer Chcm Soc , xxxi, p 66, 1909 
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16200 Hence the knowledge of the value of the specific rotation 
of one form permits of obtaining the value of the other form 
Further, the sum of the molecular specific rotations of the two forms 
remains constant for every sugar and all its glycosides Thus, if 
one possesses the knowledge of the sum of the specific rotations of 
the two forms of a sugar, he is also in possession of the information 
regarding the sum of the specific rotations of the glycosides 
Hence it is possible to calculate by a simple arithmetical process 
the specific rotation for the second isomenc glycoside when that of 
the first is known 

Thus accepting the difference m specific molecular rotation 
expressed by the formula — a p = tVo- = 108, and accepting 
for one isomer [a] D = — 14 65, the rotation of the other will 
equal — = — a — 108 = — 122 65° When the rotations of 

the tv 0 forms are given Hudson suggested the following rule for 
naming the a and f? forms “The names should be selected that for 
all sugars which are genetically related to d-glucose the subtrac- 
tion of the rotation of the ^9-form from the a-form gnes a positive 
difference and for all sugars which are genetically related to 
{-glucose an equal negative difference ” According to this rule the 
unknown form of d-nbose is to be named the fi-form 

The information obtained m this manner furnishes also the 
value for the sum of the rotations of the two isomers of d-nbose, 
— 137 30°, which is also the sum of the rotations of all glycosides of 
the same sugars Applying this rule for inosin, of which the known 
form has the rotation of —49 2°, one is led to the conclusion that 
the other form has the rotation of —87 80°, and is therefore fi-d- 
nboside 

Thus this process of reasoning leads to the conclusion that the 
natural nucleosides belong to the a senes of glj cosides This new 
maj be correct, but m the absence of ail other evidence one would 
hesitate to declare this deduction perfectlj conclusne Hence 
it seemed desirable to search for additional data that w ould gn e 
more force to the aboie conclusion or would compel its rejection 

With this aim in new it w as attempted to obtain more informa- 
tion regarding the action of the nucleosidases present m the animal 
tissues It has been mentioned alreadj that ghcosidases of plant 
origin possess a selectne hjdrolvtic aptitude for only one form of 
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glucosides and Fischer and Nobel 4 have demonstrated that the 
glycosidases of the animal tissues were capable of hydrolyzing 
only one form of the glucosides, namely the j3-form 
Hence the a and /S forms of methylxylose and methylarabmose 
were prepared and added to a solution containing the active 
nucleosidases Methylnbose could not be obtained in crystalline 
form, and therefore the a and the j3 forms could not be separated 
one from another The efficiency of the enzyme was always tested 
on nucleosides To our surprise all tissue extracts failed to act 
on any one of the pentosides, the ribosides included The action 
of the enzyme was tested by the optical method and by the reduc- 
ing power of the solution for Fehhng’s solution 

Thus the present experiments failed to contribute to the knowl- 
edge of the structure of the nucleosides, but have furnished new 
information regarding the nature of nucleosidases showing that 
they possessed a greater degree of specificity than is known to be 
the property of many glycosidases 

EXPERIMENTAL PART 

Organ plasma was prepared m the manner described m a pre- 
vious communication of Levene and Medigreceanu 5 All other 
details of the experiments were the same as there described 

a-METHYLARABINOSIDE EXPERIMENTS 

In neutral phosphate solution (1 per cent ) 
Experiment with Extract of Intestinal Mucosa 


I, 16, ’ll 

Enzyme solution, 1 cc 
a-Methylarabinoside solution, 3 cc 

Control 

Enzyme solution, 1 cc 
Phosphate solution, 3 cc 


Experiment 

Control 

10 min 24 hra 48 hrB 

+4 87 4-4 86 +4 86 

0 00 0 00 0 00 

96 bra 
+4 86 
0 00 


4 Sitzungsberichte Berliner Akad , v, p 73, 1896 
* This Journal, i\, p 65, 1911 



P A Levene, W A Jacobs and F Medigreceanu 375 


EXPERIMENT TV ITH PANCREAS PLASUA 

j 16, ’ll Enzyme solution, 1 cc 

a-Methj larabmoside solution, 3 cc 

Control Enzyme solution, 1 cc 

Phosphate solution, 3 cc 

10 min 24 hrs 96 hra 

Experiment +5 00 +4 97 +4 96 

Control +0 06 +0 06 +0 06 

a-METHYRXTLOSIDE EXPERIMENTS 

In neutral phosphate solution 

Experiment with Extract of Intestinal Mucosa 

I, 16, 'll Enzyme solution, 1 cc 

« -Methyl xjloside solution, 3 cc 

Control Enzyme and phosphate solution, 

see cr-methj larabmoside experiment 
10 min 24 hrs 96 hrs 

+2 90 +2 90 4-2 89 

Experiment with Pancreas Plasma 

Enzyme solution, 1 cc 
a-Methylxyloside solution, 3 cc 

Enzyme and phosphate solution, 
see a-methylarabinoside experiment 

10 min 24 hm 96 hrs 

+3 00 +2 98 +2 98 

a-METHTLGLtTCOSIDE EXPERIMENTS 

In neutral phosphate solution (7 per cent) 

Experiment with Extract of Intestinal Mucosa 

Enzyme solution, 1 cc 
Glucoside, 5 per cent, 3 cc 

Enzyme and phosphate solution 
see maltose experiment 

10 min IS hrs 120 hrs 

+3 OS +3 06 +3 05 


II, 9, ’ll 
Control 


I, 16, ’ll 
Control 
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Experiment with Pancreas Plasma 

Enzyme solution, 1 cc 
Glucoside, 5 per cent, 3 cc 

Enzyme and phosphate solution 
see maltose experiment 

10 min 18 hrs 120 hra 

+3 15 +3 16 +3 16 

Experiment with Kidney Plasma 

Enzyme solution, 0 5 cc 
Glucoside, 5 per cent, 3 0 cc 
Phosphate solution, 0 5 cc 

Enzyme and phosphate solution, 
see maltose experiment 

10 min 18 hrs 120 hra 

+3 00 +2 98 +3 02 

AMYGDALIN EXPERIMENTS 

In neutral phosphate solution ( 1 per cent) 


Experiments with Extract of Intestinal Mucosa 


Experiment I 

II, 17, ’ll Enzyme solution, 1 cc 

Amygdahn, 7 per cent, 3 cc 


Control (1) 

Enzyme solution, 1 cc 
Phosphate solution, 3 cc 


Control (2) 

Amygdahn solution, 7 per cent 


Experiment 
Control (1) 
Control (2) 

10 min 24 hrs 96 hrs 

-1 10 -1 24 -1 29 

0 00 0 00 0 00 

-1 48 -I 70 -1 90 

144 hrs 
-1 32 
0 00 
-2 00 

Experiment II 

II, 20, ’ll Enzyme solution, I cc 

Amygdahn, 10 per cent, 3 cc 


Control (1) 

Enzyme and phosphate solution 
see preceding experiment 


II, 9, ’ll 
Control 

II, 9, ’ll 

Control 
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Control (2) Amjgdalin solution, see preceding experiment 

10 mla 24 hra 96 lira 300 hra 

-1 47 -1 62 -1 65 -2 05 

Reduced Fehhng’s solution 

Experiments w ith Pancreas Plasma 


Experiment I II, 17, ’ll Enzyme solution, 1 cc 

Ami gdalin, 7 per cent, 3 cc 


Control (1) 

Enzyme solution, 1 cc 

Phosphate solution, 3 cc 

Control (2) 

Amygdalin solution, see expenmentwith extract 
of intestinal mucosa 

Experiment 
Control (1) 

10 min 24 hra 4S his 72 hra 200 hra 

-1 05 -1 10 -1 25 -1 35 -1 43 

+0 0G +0 06 +0 06 +0 06 +0 06 

Experiment II 

II, 20, ’ll Enzyme solution, 1 cc 

Amjgdalin, 10 percent, 3 cc 

Control (1) 

Enzyme and phosphate solution, 
see preceding experiment 

Control (2) 

Amygdalin solution, see experiment with extract 
of intestinal mucosa 

Experiment 

10 xnln 24 hra 96 hra 300 bra 

-1 45 -1 62 -1 85 -2 12 


Experiment with Kibnet Plasma 

Experiment I 

II, 17, '11 Enzyme solution, 0 5 cc 

Amygdalin, 7 per cent, 3 cc 

Phosphate solution, 0 5 cc 

Control (1) 

Enzyme solution, 0 5 cc 

Phosphate solution, 3 5 cc 

Control (2) 

Amj gdalin solution, see experiment with extract 
of intestinal mucosa 

Experiment 
Control (1) 

10 mm 24 hra 72 hra 200 hra 

—0 90 cloudy —1 14 —1 20 
-0 04 cloudj -0 03 -0 03 

Experiment II 

II, 20, ’ll Enzj-me solution, 0 05 cc 

Amj gdalin, 10 per cent, 3 cc 

Phosphate solution, 0 5 cc 
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Control (1) Enzyme and phosphate solution, 

see preceding experiment 

Control (2) Amygdalm solution see experiment with extract 

of intestinal mucosa 

10 min 24 hra 72 lira 120 his 300 hra 

— 1 30 cloudy -1 60 -1 SO -2 00 
Did not reduce Fehlmg’s solution 

/l-METHyEXYROSIDE EXPERIMENTS 

In neutral phosphate solution (1 per cent) 

Experiment with Extract of Intestinal Mucosa 

I, 16, ’ll Enzyme solution, 1 cc 

£-Methylxyloside solution, 3 cc 

Control Enzyme and phosphate solution see a-meth\l 

arabmoside experiment 

10 min 24 hrs 96 hrs 

-2 60 -2 60 -2 56 

Experiment with Pancreas Plasma 

I, 16, ’ll Enzyme solution, 1 cc 

/9- MethyKyloside solution, 3 cc 

Control Enzyme and phosphate solution, see a-methyl- 

arabmoside experiment 

10 min 24 hrs 96 hra 

-2 00 -2 00 -1 98 

jS-METHYIiARABINOSIDE EXPERIMENTS 

In neutral phosphate solution ( 1 per cent ) 

Experiment with Extract of Intestinal Mucosa 

I, 16, ’ll Enzyme solution, 1 cc 

/J-Methylarabmoside solution, 3 cc 

Control Enzyme and phosphate solution, see a-mcth>l- 

arabinoside experiment 

10 min 24 hra 96 hra 

+0 72 +0 68 +0 68 
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Experiment with Pancreas Plasma 

I 16 , 'll Enzyme solution, 1 cc 

/S-Methy larabmoside solution 3 cc 

Control Enzyme and phosphate solution see a-methyl- 

arabmoside experiment 
JO min 24 bra **6 bra 

+0 68 +0 64 +0 63 

1EETHTLRTBOSIDE experiments 


In neutral phosphate solution ( 1 per cent) 
Experiment with Extract of Intestinal Mucosa 


II, 2, ’ll 

Enzyme solution, 1 cc 

Methj lnboside solution, 1 cc 
Phosphate solution, 3 cc 


Control 

Enzyme solution, 1 cc 

Phosphate solution, 3 cc 


Experiment 

Control 

JO min 24 hrs 43 bra S5 his 

—0 39 cloudy —0 40 —0 40 

0 00 cloudy 0 00 0 00 


Experiment with Kedvet Plasma 


II, 2, ’ll 

Enzyme solution, 0 5 cc 
Methylnboside solution, 1 5 cc 
Phosphate solution, 2 5 cc 


Control 

Enzyme solution, 0 5 cc 
Phosphate solution, 4 Occ 


Experiment 

Control 

10 min IS hrs 144 hrs 

-0 50 -0 54 -0 55 
— 0 06 -0 06 -0 06 



Experiment with Heart Muscle Plasma 


II, 2, ’ll, 

Enzyme solution, 0 5 cc 
Riboside solution, 1 cc 
Phosphate solution, 2 5 cc 


Control 

Enzyme solution, 0 5 cc 
Phosphate solution, 3 5 cc 


Experiment 

Control 

10 min 14 hrs 144 hrs 

-0 34 -0 37 -0 38 
-0 02 -0 02 -0 02 
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380 Action of Tissue Extracts on Methylpentosides 

At the eud of the methylnboside experiments, none of the solutions 
reduced Fehhng’s solution However, after the solution had been boiled 
with HsSOi the sugar test was positive 


d-RIBOSE MUTABOTATION EXPERIMENT 


IV, 26,’ 11 

Ribose solution, 10 

per cent , in 2 dm loi 


observation tube 

Temperature 0°C 


15 min 18 min 25 min 

30 min 

40 min 45 min 60 min 

Observer I 

-2 73 -2 80 


-2 98 

Observer II 

-2 72 

-2 85 

-3 01 -3 05 


18 hrs 20 hrs 

24 hrs 


Observer II 

-3 44 -3 44 

-3 86 

(Room temperature) 



STUDIES ON T HE ABSORPTION OF METALLIC SALTS 
BY FISH IN THEIR NATURAL HABITAT 

I ABSORPTION OF COPPER BY FVNDVLUS HETEROCLITUS 

By GEORGE F WHITE and ADRIAN THOMAS 
(From the Woods Hole Laboratories of the U S Bureau of Fisheries ) 

(Received for publication, March 15, 1912 ) 

While it is well known that various fish may take up certain 
substances dissolved m their surrounding medium, the rate and 
amount of absorption has not been established very definitely 
for the most diverse metafile salts It is our purpose to carry on 
a complete and comprehensive study of this problem utilizing a 
large number of salts The influence of dilution will be noted as 
well as varying the anion m the different salts studied Consid- 
erable work has been done on the concentration of metallic salts 
and the tune necessary to cause death m certain fish, but our 
method will be to expose the fish to the salts under conditions 
approximating as closely as possible those m nature, and to test 
for the presence of the added substance m the fish taken from the 
medium while still living A few isolated experiments have been 
performed on this line, but we believe that the method of our work 
is sufficiently unproved over these, that repetition if any, is not 
only desirable but necessary, since a thoroughly systematic view 
of the field is lacking 

The work of Sollmann 1 on “The Effect of a Senes of Poisons on 
Adult and Embryonic Funduli” may be referred to for the rate of 
poisoning and degree of toxicity of vanous substances, the pois- 
ons nicotine and chgitalme being found to act most rapidly Also 
the study earned on by Loeb 5 and his co-workers of the inhi bition 
by one salt of the poisonous effect of another on Fundulus, both 

' Amer Joum of Physiol , m, p 1,1906 
' Biochem Zcilschr , xxa, p 450, 1911, xxxiu, p 480, 1911 

381 



382 Absorption of Copper by Fundulus 

salts being normally present m sea water, is interesting m connec- 
tion with our stucty of Fundulus although of not direct bearing on 
our problem Further, Sumner 3 has carried out some careful 
and complete investigations of the osmotic relations between Fun- 
dulus and other fish and their surrounding medium Therelatne 
toxicity of various poisons m different media was studied, and such 
substances as cupric chloride were found to be less fatal in sea water 
of high salt content, or fresh water to which sugar had been added, 
than water of low salt or sugar content These results seem to 
conclusively prove that it was the increase of the osmotic pressure 
m the surrounding medium by the addition of these substances, 
which prevented the toxic action of the salt 

The fish selected for our experiments was Fundulus helerochtus, 
for many reasons It is small and abounds in the shallow waters 
around Woods Hole, and is a hardy fish, living practically indefi- 
nitely in tanks through which sea water is kept running Of course 
this latter arrangement would be impossible for experiments of 
the character described m this paper, but it was found that the 
following method was successful 

Large glass vessels, of about 20 liters capacity, were filled with 
sea water containing the desired amount of salt — copper sulphate 
— and during the whole period while the fundulus were kept in 
these, a constant stream of air was blown m, furnishing sufficient 
oxygen for the fish to live for days The aeration was conven- 
iently accomplished by drawing off the excess air through a tube 
from a bottle attached to the water outlet of a Richards suction 
pump, the water bemg siphoned out of the bottle through another 
tube Care was taken not to cause “airsickness” by the use of 
too strong a blast By this process, the only disturbing influence, 
outside of the added poison, was the accumulation of the excre- 
tory products from the fish, which difficulty was obviated or les- 
sened by changing the medium about every twelve hours 

Fifteen to twenty Fundulus were placed m each of several ves- 
sels, and after bemg subjected to the action of the poison for the 
desired length of time, were taken out while still active and pre- 
pared for analysis They were thoroughly washed with fresh 
water and a stream of water was also passed through the ahmen- 

* Biol Bull , x, p 298, 1906, Amer Journ of Physiol , xix, p 61, 1907 
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tary tract to remove* all traces of copper sulphate not actually 
absorbed in the body of the fish They were then cut up m small 
pieces and analyzed for copper as follows 

The fish were dried to constant weight at 110° to 120' and about 10 grams 
of the dried flesh taken for analysis Each sample was placed in a Kjeldahl 
flask with 80 to 100 cc cone sulphuric acid and 5 grams of potassium sul- 
phate A small amount of paraffin was added to prevent excessive froth- 
ing The solutions were digested until they became clear, this process 
requiring between ten and eighteen hours The conditions of digestion 
were therefore similar to the Gunning method for the anal} sis of proteins 
formtrogen, inconsequence of the presence of the absorbed copper Oxida- 
tion of the organic matter by treatment with concentrated mtnc acid was 
previously tried, but found unserviceable due to uncontrollable frothing 
The solutions were diluted to 200 ce , a few drops of phenolphthalein solu- 
tion added, and nearly neutralized with 50 per cent sodium hydroxide 
solution The solution, measuring about 250 cc , was then electroly zed with 
a current of 0 5 to 0 75 ampere and a potential difference of 2 5 v olts The 
current was obtained from two storage batteries set up m senes The 
electrolysis was allowed to proceed for five hours at which time it was com- 
plete, trial having shown this to be sufficient The cathodes were then dried 
and weighed m the usual manner 

In order to prove that there was no other deposit on the electrode than 
copper, blank tests were made on normal Fundulus, that is Fundulus not 
having been placed in a copper sulphate solution Several of these tests 
were made dunng the course of the experiments, and absolutely no deposit 
was found on the cathode m any case 
Moisture determinations were made on the Fundulus flesh so that theper- 
centage of copper absorbed could be calculated either for the original flesh 
or the dned material, this latter bemg the most desirable The results of 
six such analyses of normal Fundulus are as follows 77 30, 77 33 , 77 49, 
76 77 78 19, 77 12 Average, 77 43 per cent 

The results of tbe poison experiments are given in Table I, the 
strength of the solutions bemg referred to normal, and the amount 
of copper absorbed bemg expressed m percentage by weight of 
metallic copper m the dned flesh A summary of tbe results is 
presented m Table II, percentage of copper bemg calculated for 
the undned and the dned flesh 

It may be seen from the data that very* appreciable amounts of 
copper were taken up by the Fundulus, even although the most 
concentrated solutions were practically of low copper content 
Scaly fish may* then absorb poison to a degree which is of the same 
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TABLE I 

Copper absorbed by Fundulus 


NORMaUTT 




5 1)0 \ 


toVet 


TIME 

COPPER IN 
DRIED ILESH 

NORMAUTT 

TIME 

hours 

per cent 


hours 

1 



4 



TsVir 1 

6 

2 

0 0212 

0 0100 


2 

3 

0 0213- 
0 0190 


3 

1 

0 0100 

0 0100 

rsW ' 

4 

2 

0 0060 

0 0650 


8 

3 

0 0128 

0 0200 


24 

4 

0 0360 

0 0100 

re 

48 

1 

0 0040 

0 0030 


24 

2 

0 0060 

0 0070 


48 

3 

0 0088 

0 0193 

0 0080 

96 




COPPER IN 
DRIED FLESH 


per cent 

0 0200 

0 0190 
0 00S3 
0 OOS6 
0 OOSO 
0 0070 
0 0114 
0 0110 
0 0030 
0 0170 
0 0060 
0 0070 
0 00500 
0 00427 
0 00600 
0 0070 
0 0060 
0 00290 
0 00310 
0 00400 
0 00300 
0 00400 
0 00400 


order of magnitude as oysters, which Bothe 4 has shown have taken 
up under natural conditions from 0 017 per cent to 0 050 per cent 
of their body weight in copper, such flesh containing at the same 
time more water than the Fundulus The greatest absorption with 
the Fundulus takes place m the first part of the period of exposure 
to the poison, and there is a gradual increase with length of time 
until enough has been accumulated to seriously affect the life of 
the fish As much absorption may occur m the dilute solutions 
as m the concentrated if sufficient time is allowed, thus there is as 
great a percentage of copper m the flesh after an experiment of 
four hours duration in nnn> solution as after three hours in a 


* Amer Food Joum , vi, p 2, 1911 
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solution, and a larger percentage after four hours in a rbs solution 
In the extremely dilute solution of xta normality, ninety-six 
hours is required to produce an accumulation of 0 0040 per cent of 


Average results of absorption experiments 


NORMALITY 

time 

Cu IK DRIED FLESH 

CU IX UN-DRIED FLESH 


hourx 

per cent 

percent 

f 

1 

0 0160 

0 00361 


2 

0 0156 

0 00352 


3 

0 0201 

0 00454 


1 

0 0100 

0 00226 

1 

3 IT 5 

3 

0 0164 

0 00360 


4 

0 0230 

0 00529 


1 

0 0035 | 

0 00079 

rata 

2 

0 0065 

0 00147 

1 3 

0 0103 

0 00232 


4 

0 0195 | 

0 00440 


; 2 

0 0075 

0 00169 

iotns 

3 

0 0120 

0 00269 


I 4 

0 0125 

0 002SO 

tta 

24 

0 00509 

0 00115 

48 

0 00650 

0 00147 


24 

0 00306 

0 00069 

rta 

48 

0 0035 

0 00079 


96 

0 00400 

0 00090 


Since fish take up the considerable amount of copper shown by 
our experiments, it may be asked m what manner this takes place 
To answer this tentatively, a brief study of the distribution of the 
absorbed salt in the fish was made Smce the Fundulus is so small 
that it is difficult to dissect and separate its organs, the larger 
tautog ( Tauloga omits ) was selected This was placed m nta 
copper sulphate solution for two hours under the same conditions 
as the Fundulus, and analysis made for copper in the blood system — 
heart, gills, blood vessels — the alimentary tract— stomach, intes- 
tines, etc — and the flesh The results are given in Table III 
The amount of copper taken up by the fish, 0 007 per cent of its 
total body weight (dry), is practically identical with the result for 
Fundulus, 0 0065 per cent, obtained m the same dilution and for 
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TABLE m 


Distribution of copper absorbed by Tautog in Ti ^ 7r solution 


MATERIAL 

PER CENT COPPER IN BBT MATERIAL 


n | 

Average 

Whole fish 




Blood system 




Alimentary tract 


0 001 


Flesh 


0 011 


Residue 



0 005 


the same time period Therefore we may assume that the two 
species do not act materially differently towards the poison The 
results are quite positive in their character The largest percen- 
tage of copper was found m the blood system and it is therefore 
reasonable to conclude that it is through the gills, where the sur- 
rounding medium comes in most intimate contact with the blood, 
that the absorption is the greatest A final and absolute state- 
ment of this we do not put forward, smce this one experiment is 
not sufficient to firmly establish any theory But nevertheless 
it is very suggestive Taken m connection with the work of Scott 
and White 5 on the permeability to salts of the gill membranes of a 
fish, it receives some support 

It is interesting to note that we found visible evidence of the 
copper m the fish, the tautog especially showing the green color 
caused by the reaction between the copper sulphate and the pro- 
tein substance 

Microscopic sections ’ 3 of the whole Fundulus (cross-section), 
and even of the brain and spinal cord, treated with potassium 
ferrocyamde, were colored markedly brown by the formation of 
copper ferrocyanide, whereas normal Fundulus evidenced no such 
change 

Work on the problem of absorption of salts will be continued 

* Science, \\\n, p 70S, 1910 

5 The tissues, preserv ed in alcohol, were embedded in paraffin, cut with the 
microtome, the paraffin dissolved m turpentine which latter was removed 
by alcohol After washing out the alcohol with water to prevent precipi- 
tation of K<Fe(CN)«, the sections were washed in K<Fe(CN)n, washed vtith 
water and alcohol, and mounted m balsam 





THE DETERMINATION OF ALUMINUM IN FECES 

Bt CAUL L A SCHMIDT Aim D R HOAGLAND 

(From the Laboratories of the Referee Board of Consulting Scientific Erperts 
a t the University of Pennsylvania ) 

(Received for publication, March 16, 1912 ) 

On loo kin g about for a satisfactory method for determining 
al uminum in the feces of experimental subjects who were given 
either alum or the aluminum-containing residue from baking 
powder, we encountered a number of difficulties The determina- 
tion of aluminum as the hydroxide was impossible on account of 
the presence of phosphates The determination of aluminum by 
precipitation both of iron and aluminum as phosphates and then 
determining the iron and the phosphorus, determining the alumi- 
num by difference, is too long and besides, the value for aluminum 
so obtained may include the combined errors of the other two 
determinations In attempting to use the Peter’s method, 1 in 
which iron is reduced by ammonium thiosulphate and the alumi- 
num determined as the phosphate, we encountered a number of dif- 
ficulties, yet this method gives a direct determination of aluminum, 
so the attempt was made to find out the conditions under which 
it could be used Substances present m the feces which affect the 
determination of aluminum by this method are Organic matter, 
silica, tin (from canned foods), iron, calcium and phosphates 
Organic matter can be removed by mixing with the feces several 
cubic centimeters of concentrated sulphuric acid and ashing in a 
silica dish All of the aluminum in the ash is not soluble m hydro- 
chloric acid It is necessary to dissolve out the acid-soluble part 
and then fuse the insoluble residue with sodium carbonate - The 
silica is dehydrated and the solution added to the mam portion 
Tm can be removed by precipitation as the sulphide in an acid 

1 Circular 26, U S Bureau of Standards 
* Ibid , p 6 
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388 The Determination of Aluminum in Feces 


solution Complete removal of the iron and probably calcium 
also, is not accomplished m the first precipitation of the aluminum 
On redissolvmg the precipitate m hydrochloric acid and again 
precipitating the aluminum as the phosphate, only a negligible 
trace of iron remains m the precipitate A large excess of am- 
monium phosphate should be avoided since it is difficult to wash 
out and the time of heating the precipitate to constant weight is 
thereby greatly increased 

The latter process necessitates a very high temperature A small 
precipitate may be brought to a constant weight by heating oi er 
a blast lamp for an hour, but for precipitates of 150 mg or more, 
a higher temperature or a greatly prolonged heating is neces- 
sary We have found that on heating precipitates m a Mdhcr 
muffle furnace at a dull white heat for an hour to an hour and a 
half, precipitates as high as 300 mg can be brought to constant 
weight Porcelain crucibles cannot be used Platinum, while re- 
maining constant m weight, soon crystallizes and is rendered worth- 
less A glazed silica crucible null remain constant m weight for 
several determinations, but on prolonged heating will lose weight 
A transparent silica crucible will remain constant somewhat longer 
The empty crucible should be cleaned and weighed after being 
used, to make sure that there has been no loss m weight 

The details for carrying out a determination of aluminum m 
feces are as follows Five to ten grams of feces are treate mth 
several cubic centimeters of concentrated sulphuric acid and ashed 
in a silica dish The soluble aluminum is dissolved out by warm- 
ing with dilute hydrochloric acid The residue on the filter paper 
is washed and then ignited and fused with sodium carbonate m a 
platinum crucible The melt is dissolved out with dilute hydro- 
chloric acid, the silica dehydrated, and the whole added to the 
mam portion containing the aluminum The volume at this 
point should be about 300 cc , and contain about 2 5 cc of con- 
centrated hydrochloric acid Tin is precipitated from the hot 
solution by hydrogen sulphide and filtered off Di-ammonium 
hydrogen phosphate is added to the solution — 0 5 gm for each 
100 mg of aluminum phosphate present The solution is heated, 
and while hot 5 grams of ammonium thiosulphate (m solution) 
and after several minutes 6 to 8 grams of ammonium acetate 
(m solution) and 4 cc strong acetic acid are added Heating is 
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continued for about half an hour to expell S0 2 , the precipitate 
allowed to settle, filtered and washed once by decantation The 
precipitate is redissolved in 2 to 2 5 cc of concentrated hydrochloric 
acid, the solution diluted to about 300 cc , 0 5 gram of ammonium 
phosphate added for each 100 mg of aluminum phosphate present 
and the aluminum again precipitated as described above The 
precipitate is filtered and washed several times with hot water to 
remove chlondes and ignited in a transparent sihca crucible until 
constant weight is reached to remove excess of P : Os 

The precipitate obtained in this manner is easily filtered and 
washed The free sulphur present serves to make the precipitate 
more flocculent and more easily filtered By using ammonium 
salts throughout as precipitating reagents the necessity for very 
thorough washing of the precipitate is eliminated, since small 
amounts of such salts remaining m the precipitate are volatilized 
on ignition Washing the precipitate with ammonium nitrate 
has been recommended, but we have found such procedure unneces- 
sary’ The minimum amount of hydrochloric acid necessary to 
keep the aluminum in solution before precipitation, should be used, 
thus making it easier to reduce its concentration m the aluminum 
precipitation The method earned out as above gives good check 
results. 

Using this method with various amounts of aluminum m feces 
and m solutions containing known amounts of aluminum we ob- 
tained results as follows 

(1) Solution of pure AI CI» (single precipitation) 


FOtJVD | CALCULATED 



AlPOi 

j Equivalent AJ*Oj 

Theoretical AI-Oj 

f 

0 1721 

. 0 0720 

( 

0 0720 

(a) { 

0 1723 

0 0721 


l 

0 1718 

0 0719 


(b) [ 

0 0106 

0 0106 

0 0044 

i 

0 0044 


(2) A known i olume of AlClj was added to 50 cc of a mixture containing 
per liter the following salts 
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Grams 

Sodium phosphate 

25 

Potassium chloride 

15 

Ferric chloride 

5 

Calcium chloride 

11 

Magnesium chloride 

11 


FOUND * 

CALCULATED 

AlPOs 

Equivalent AlsOi 

Tneoretlcal AliOi 

0 1677 

0 0702 


0 1684 

0 0705 

0 0707 

0 1686 

0 0706 



(3) Duplicate samples of dried feces of men who were given alum gave the 
following results 



AlPO< 

Equiva- 
lent A1 

AlPOi 

EquKa 
lent Al 

(a) 

/ 0 1799 

0 0399 

/ 00915 

w 1 0 0902 

0 0203 

\ 0 1825 

0 0405 

0 0200 

(b) 

J 0 1942 

0 0431 

J 0 0333 

1 1 0 0348 

0 0074 

1 0 1930 

0 0428 

0 0077 

(c) 

J 0 1848 

0 0410 

JO 2143 
\ 0 2143 

0 0476 

(d) 

1 0 1846 
/ 0 2141 
\ 0 2120 

0 0410 

0 0475 

0 0471 

0 0476 


(4) Determinations of aluminum in feces of different subjects on a con- 
stant diet, but who were not given any aluminum salt, gave the following 
results, as total amounts of aluminum excreted in a period of two weeks 


Subject A 

Gram Al 

First two weeks 

0 040 

Second two weeks 

0 053 

Third two weeks 

0 063 

Fourth two weeks 

0 054 

Fifth two weeks 

0 060 


This is equivalent to an elimination of 3 to 4 mg of A1 per day 


(5) fhe necessity for a high temperature, and prolonged heating of the 
precipitate to get a constant weight is shown by the following results of 
duplicate determinations 
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(a) 

(b) 

(c) 


(d) 


A1P0* 

gram 

j 0 2817 \ Precipitates heated for one hour m gas muf- 
\ 0 2836 / Seats bright red heat 

J 0 2764 \ Same precipitates heated at low white heat 
\ 0 276S / in M6Ler furnace for fifteen minutes 

/ 0 2754 \ Same precipitates further heated atwhite 
\*0 2765 / heat m Mdker furnace for fifteen minutes 


/ 0 2757 j 
\ 0 2765] 


Same precipitates heated at white heat m 
M4Ler furnace for thirtj minutes more 
The precipitates were ignited in plati- 
num crucibles No change m weight in 
the crucibles was noted A triplicate 
determination heated in the same way, 
but in a porcelain crucible gave a value of 
0 2840 gram A1PO, The excess weight 
in this case apparently results from a 
combination of the P a O» with the glaze of 
crucible, rendering a correct determina- 
tion impossible 


Determinations of phosphorus made on 0 0625 gram A1PO* gave results 
as follows 


P (found) 


gram gram 

/ 0 0161 P (calculated) 0 0159 

] 0 0161 


We are indebted to Mr F P Veitch for his paper on “Experi- 
ments on the Estimate of Iron and Aluminum in Phosphates” 
which he fondly submitted to us during the progress of our work 




RESEARCHES ON PURINES 

ON 2,8-DIOXY-<5,9-DIMETHYLPDRINE AND 2,8-DIOXT-l-METHYL- 

PURIHE 

SIXTH PAPER 1 

Br CARL 0 JOHNS 

(From the Sheffield Laboratory of Yale University ) 

(Received for publication, March 19, 1912 ) 

Although the dioxy-dimethyl-punnes are of considerable interest 
owing to the fact that they are isomeric with theobromine, 2 
2,6-diox)'-3,7-dimethylpurme (EX), yet very' few of the many 
possible isomers have been described Of the nine isomendes of 
2,8-dioxy-dimethy lpunne only one member has been described, 
namely, 2,S-dioxy-3,7-dimethylpunne (XII) This compound 
was obtained by Emil Fischer* who chlorinated 3,7-dimethy lunc 
acid (X) and reduced the resulting chloride (XI) with hydnodic 
acid 

In a previous contribution 4 from this laboratory' it was shown 
that orthodiaminopynmidmes, m which a hydrogen atom of an 
ammo group has been substituted by an alkyl group, condense 
readily with formic acid or urea to form punnes This method 
has now been applied in the synthesis of 2,S-dioxy-6,9-dimethy 1- 
purrne (IV) 

2-Etby lmercapto-4-meth) l-6-chlorpyrrmidine s (I) was heated 
m a sealed tube with methj lamine and the result was a quantita- 
tne yield of 2-ethylmercapto-4-methyl-6-methylaminopynmidine 
(II) This, in turn, was converted to 2-oxy-4-methyl-6-methyl- 
'uninopyranidine (III), which, when nitrated, gave 2-oxy-4-methyl- 

1 This Journal, ti, p 73, 1912 

* Bcilstein’s Handb , m, p 954 

' Ber d deutsch chcm Gesellsch , emu, p 2487, 1895, xxx, p 1851, 1897, 
xraui, p 474, 1899 

* Johns This Journal, it, p 161, 1911 

* Amcr Chcm Journ , vl, p 351, 190S 
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5-nitro-6-methylammopyrimidine (VI) The yields were satisfac- 
tory When the intro-compound was reduced with freshly pre- 
cipitated ferrous hydroxide an 83 per cent yield of 2-o\y-4-methyl- 
5-ammo-6-methylammopyrimidine (V) was obtamed By heating 
with urea, the diamino-compound was easily converted to2,8-dio\i - 
6,9-dimethylpurme (IV) 

This paper also contains a description of the synthesis of 2,8- 
dioxy-l-methylpurme (VIII), which compound was prepared by 
heating urea with 2-oxy-3-methyl-5,6-diammopyrimidme 6 (VII) 
As three of the isomers of 2,8-dioxy-monometbylpurme have been 
described previously, 7 the only member of this senes v, hi eh is 
still unknown is 2,8-dio\y-7-methylpurme These researches will 
be contmued 
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6 Johns This Journal, \i, p 77,1912 

7 Fischer and Ach Bcr d deulsch chem Gcscllsch , xvwi, p 273G, ISO > 
Johns This Journal, i\, p G3, 1909, Amcr Chem J ourn , xh, p G3, 1909 
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HX— CO 


03 C— XCH S - 
^>CO 


N=CC 1 


03 C— NCHj 

\ 


/ 


CO 


N = CH 


OC C — X CH 3 

\ 


/ 


CO 


CHj N — C — XH CH 3 X — C— XH CH 3 X — C — XH 

X XI XII 


EXPERIMENTAL PART 

T 

2-Elhylmercapto-Jf-methijl-6-methyla.minop't/nnndvne 

X=CNHCH 3 

I i 

C 2 H 5 SC CH 

II II 

X — c ch 3 

Fifteen grams of 2-ethylmercapto-4-methy]-6-ch]orpynrnidme 5 
were mixed with 21 cc of a 33 per cent aqueous solution of methyl- 
amine and 30 cc of water and this mixture was heated m a sealed 
tube at 100°C over night A heavy transparent oil formed and 
this solidified to a white crystalline mass on cooling The reaction 
product, thus obtained, was easily soluble m cold ether, Denzene 
or alcohol but it was almost insoluble m hot water It dissolved 
readily m cold concentrated hydrochloric acid When crystallized 
from dilute alcohol it formed beautiful, flat, anhydrous pnsms that 
melted to an oil at 87°C The yield was quantitative 

Calculated for 

C»HuN*S Found 

N 22 95 23 03 

2-Oxy-4-methyl-6-melhylaminopynmidine 
X = CNHCHj 

I I 

OC CH 

I II 

ffN — C CH 3 

Twenty grams of 2-ethylmercapto-4-methyl-6-methylammo- 
pynmidine w ere dissoh ed m 200 cc of concentrated hydrochloric 

* Johns Loc ol 
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acid and the solution was evaporated to dryness on the steam- 
bath The residue was then found free from sulphur It was 
dissolved m hot water and the solution was made slightly alkaline 
with ammonia whereupon crystals formed rapidly These were 
easily soluble in cold acetic acid and slightly soluble in hot alcohol 
They were moderately soluble m hot water from w'hich solvent 
they separated m compact, biconcave, anhydrous blocks These 
turned brown at about 290°C and decomposed slowly above that 

temperature The yield w r as 83 per cent of the calculated 

• 

Calculated for 
CjHtONi Found 

N 30 21 30 00 

2-Oxy-li.-methyl-5-nitro-6-niethylaminopynmidine 

n=cnhch 3 


OC CNOa 

I li 

HN — C CH 3 

Twelve grams of 2-oxy-4-methyl-6-methylammopynmidine w ere 
dissolved in 30 cc of concentrated sulphuric acid Wide this 
solution was kept cool, 4 8 cc of nitric acid (density 1 5) were added 
gradually After five minutes the resulting solution w r as poured 
on crushed ice and the acids were neutralized with ammonia A 
crystalline precipitate separated at once The yield was quanti- 
tative The mtro-compound w r as practically insoluble m hot 
alcohol and but slightly soluble m hot water It dissolved moder- 
ately m glacial acetic acid By cooling this solution slowly small, 
stout prisms were obtamed, while by cooling rapidly slender, pointed 
crystals were formed The crystals turned dark at about 250°C 
and decomposed slowdy when heated above that temperature 


Calculated for 
C«H«OjN4 


Found 
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2-Oxy-4-viethyl-5-amino-6-melhylaminopynimdine 

N=CNHCHs 

I i 

OC CXH; 

I II 

hn— c ch 3 

Fourteen grams of 2-oxy-4-methyl-5-nitro-6-methylammopyn- 
midme were dissolved in a mixture of 200 cc of concentrated 
ammonia and an equal volume of v, ater A concentrated aqueous 
solution containing 174 grams of crj stallized ferrous sulphate was 
added Feme oxide was precipitated rapidly, the reaction being 
exothermic The sulphate was precipitated bj the addition of a 
solution of 203 grams of crystallized banum hj droxide and the 
excess of baryta was removed by means of ammonium carbonate 
After shaking a few times, the mixture was set aside over night, 
after which it was heated to about 80°C and filtered by suction, 
the precipitate being washed with hot water On evaporating the 
filtrate to dryness a crystalline crust was left This was dissolved 
in hot water and the color w as removed with blood coal and, on 
cooling, a bulky mass of colorless, anhydrous needles was obtained 
These charred rapidly above 270°C They were soluble m less 
than ten parts of boiling water, easily soluble in cold glacial acetic 
acid and slightly soluble in hot alcohol The yield was 83 per 
cent of the calculated 


Calculated for 
C«HicON< Found 

N 36 36 36 53 


2,8-Dioxy-6,9-dimethylpiinne 
N— C CH 3 

! I 

OC C— XH 
I I! > co 
HX— C— NCHj 

Tuo grams of urea and an equal weight of 2-o\y-4-methyl-5- 
amino-6-methylammopynmidine were ground together and the 
mixture was heated m an oil-bath at 180 to 190°C for an hour 
The mass first melted but soon solidified The reaction-product 
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was dissolved in dilute ammonia and decolorized with blood coal 
After boiling off most of the ammonia, the solution was acidified 
with acetic acid Compact prisms were formed by cooling the 
solution slowly, but by cooling rapidly a bulky mass of needles 
was obtained The yield was quantitative The purine dissolved 
m about sixty parts of boiling water but was difficultly soluble in 
cold water It was almost insoluble m boiling alcohol It dis- 
solved readily in dilute alkahes It possessed the usual stability 
of dioxypurines and did not melt at 320°C The crystals con- 
tamed 2 molecules of water 


1 193 grams of substance lost 0 1965 gram at 135 C 



Calculated for 
C7H,0 jN< 2HjO 

Found 

h 2 o 

16 66 

16 47 

0 2204 gram of anhydrous substance gave 0 0S91 gram of H»0 and 0 3772 

gram of C0 2 

Calculated for 
C7 H«OiN. 

Found 

C 

46 66 

46 66 

H 

4 44 

4 49 

N 

31 11 

31 14 

This punne did not form a picrate 

It could be crystallized 


from an aqueous solution of picric acid and the crystals formed were 
those of the free base When crystallized from 20 per cent hydro- 
chloric acid it gave a hydrochloride that was easily soluble in 
hydrochloric acid and that hydrolyzed readily in water When 
warmed with 30 per cent nitric acid it was oxidized and on evapor- 
ating the solution a red residue was obtamed This turned a 
brilliant purple when moistened with ammonia 

2,8-Dioxy-l-methylpurine 
CH 3 N — CH 

OC C— NH 

I > co 

N=C— NH 
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A mixture of pulverized urea and an equal v, eight of 2-oxy-3- 
methyl-5,6-diaminopynmidine 9 was heated m an oil-bath at 170 
to 1S0°C for an hour The reaction product vas dissolved m 
hot dilute ammonia and the solution r\as decolorized with blood 
coal On acidifying with acetic acid the punne crystallized from 
the hot solution in the form of small, anhjdrous plates These 
did not melt at 320°C The yield was almost quantitative The 
punne w as difficultly soluble m cold water and almost insoluble in 
boiling alcohol One part of the punne dissolved m about 200 
parts of boding water It was soluble m concentrated acids but 
the salts dissociated m water 

0 1782 gram of substance gar e 0 2832 gram of CO : and 0 0610 gram of H O 



Calculated for 

cuno-N. 

Found 

c 

43 37 

43 64 

H 

3 61 

3 SO 


I 

n 

N 

33 73 33 77 

33 60 


* Johns Loc cti 
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The salts dissolved in the tissue fluids of animals and plants 
play an important physiological role, and a large amount of work 
has been done m the last twenty years with the object of discover- 
ing the nature of these salts and the maimer of their combination 
m different tissues The usual method of dealing with these prob- 
lems has been to make ash analyses, the blood, lymph, and striated 
muscle of many animals have been analyzed m this manner 
Very few analyses, however, have been made of the ash of smooth 
muscle Kuhne states that it is richer in sodium than in potas- 
sium , 1 * * * and this statement has been quoted in later text-books and 
m scientific articles But Kuhne gives only the bare statement 
quoted above with no reference and no account of the work on 
which it is based Neumeister, on the other hand, says, “Die 
glatten Muskeln zeigen m lhrem chemischen Verhalten von den 
quergestreiften kaum Abweichungen,” and the context makes it 
appear that this statement refers, among other things, to ash analy- 
sis 5 But here also there is no reference and no further account 
of work on which the statement might be based Halliburton 
makes a similar though somewhat vaguer unsupported statement 1 
Finally, Macallum in a recently published general article says, 
“Analysen des Natriums und Kaliums im glatten Muskel zeigen, 

1 Kuhne Lehrbuch der physiologischen Chemie, Leipzig, p 333 1868 

* Neumeister Lehrbuch der physiologischen Chemie, 2 Aufl , Jena p 442 

1897 

1 Halliburton Text-bool of Chemical Physiology and Pathology, London 

P 398 1891 
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dass letzteres reichlicher als ersteres vorhanden ist, obgleich das 
Ueberwiegen nicht so gross ist, wie m der quergestreiften Faser” 
ha a footnote he says that this statement is based on unpublished 
data of his own 4 

We are familiar with two accounts of more or less complete 
analyses of the ash of smooth muscle The first of these is by 
Saik i° who worked on the stomach and bladder muscle of the pig 
and found the ash of these tissues widely different from that of the 
striated muscle of the same animal Saiki finds considerably more 
sodium than potassium m the pig’s smooth muscle, and much less 
phosphorus and sulphur and more chlorine than earlier investi- 
gators have found in the striated muscle of the same animal 
Accordmg to Saiki, therefore, the ash of smooth muscle is a good 
deal more like that of the blood plasma than is that of striated 
muscle 

But Costantmo 6 has recently analyzed the smooth muscle of 
various animals for sodium, potassium, and chlorine, and finds in 
general that the potassium is much higher than the sodium, 
though the difference is usually less marked than it is in striated 
muscle Costantmo has analyzed the retractor perns of the pig 
for chlorine and gets a figure somewhat lower than Saiki’s Saihi’s 
figures are compared with those of Costantmo m Table I, and 
Katz’s 7 figures for the striated muscle of the pig and ox are given 
in the same table 

There are various possible explanations for the differences 
between Saiki’s results, on the one hand, and those of Costantmo 
and Macallum on the other Accordmg to the figures given by 
Katz the pig is a rather exceptional animal in regard to the sodium 
and potassium content of its striated muscle Katz analyzed the 
ash of striated muscle m the human bemg, pig, steer, calf, slag, 
rabbit, dog, cat, chicken, frog, haddock, eel and pike In the 
pig there is less than twice as much potassium as sodium, while 
in the other animals there is from three to fourteen times as much 
It may be that pig’s smooth muscle is even more different from 
that of other animals m this respect than is its striated muscle It 

* Macallum Ergeb d Physiol , p 642, 1911 

5 Saiki This Journal, iv, p 483, 190S 

* Costantmo Eiochem Zeitschr , xxxvu, p 52, 1911 

7 Katz Arch f d gcs Physiol , Ixin, p 1, 1896 
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seems strange, however, that the smooth and striated muscle of 
the pig should be so much more markedly different in sodium and 
potassium content than are the two lands of muscle m other ani- 
mals, and that the magnesium, phosphorus, and sulphur content 
of the pig’s smooth muscle should be so low Katz did not find 
the pig’s striated muscle exceptional m respect to its content of 
these three elements If one studies the sodium and potassium 
figures which Saiki gives for his individual analyses one finds 
a rather wide variation, the sodium varies from 0 2 per cent to a 
little over 0 3 per cent and the potassium all the way from 0 039 
per cent to 0 081 per cent In the text of 'Saiki’s article (p 492) 
is the statement, “A comparison of the composition of fresh pig’s 
muscle of different types with blood serum (resembling lymph) 
of the same species, indicates that the assumption of an admixture 
of lymph may explain the higher content of sodium and chlorine 
and the lower percentages of potassium, magnesium and phos- 
phorus ” This statement taken m connection with the rather 
nude variation m Saiki’s figures for sodium and potassium brings 
up the question how much of the tissue analyzed by him was 
really smooth muscle 

Another fact that must be taken into account is that Saiki 
extracted his tissue with ether before ashing it, while Costantino 
did not It is quite possible that preliminary extraction with 
ether would lower the phosphorus content m the ash of a tissue 8 

We have made anatyses of the ash of frog’s stomach muscle 
We have chosen the frog as the object m our investigation, partly 
because the tissues of this animal have become the standard m 
all sorts of physiological experimentation, and partly because it 
is easy to obtain from the frog’s stomach a tissue which is undoubt- 
edly 90 per cent irritable smooth muscle at the time the chemical 
investigation is begun We have used the large American bull- 
frog ( Rana Catesbiana ) , the stomach of a single individual of tins 
species sometimes yields more than 2 grams of smooth muscle 

Our muscle was prepared as follows From six to eighteen frogs were killed 
and the stomachs were dissected out The stomachs were never left m the 
dead frogs for more than three hours, and usuallj for a much shorter period 
The muscle was alwajs still irritable at the time the chemical evamination 


8 See Katz Loc at pp 9 and 10 



405 


Edward B Meigs and L A Ryan 

was begun The stomachs were laid on a glass plate and the muscular coats 
were cut open along the line of the lesser curvature, while the mucous mem- 
brane was left as a still unopened tube The mucous tube was then torn 
loose from the muscle, and in this way contamination of the muscle with 
stomach contents was at oided After the separation of the mucous and 
muscular lajers of the stomach, the small amount of submucous connective 
tissue which usuallj adheres to the inner surface of the muscle was stripped 
off The sheets of muscle so obtained were pressed several times against 
hardened filter paper, weighed, and then either fused, or dried and inciner- 
ated, according to the nature of the analj sis that was to be earned out 
If such sheets of muscle as we used for analysis are fixed and examined his- 
tologically , it will be found that they contain from 90 to 95 per cent of 
smooth muscle and from 5 to 10 per cent of serous connective tissue The 
same relations are found if one examines slices of the fresh tissue, and it is 
probable, therefore, that the “smooth muscle” which we used for analysis 
contained less connects e tissue than the “striated muscle” used by Katz 
and the other mi estigators of the inorganic constituents of stnated muscle 

Saiki suggests (p 492) that smooth muscle may contain larger lymph 
spaces than stnated muscle We have made a careful investigation of this 
question Samples of muscle were fixed m -various ways and embedded in 
paraffin From these, thm transferee sections were cut and stained by 
methods which are supposed to be specific for smooth muscle From other 
samples cross sections were sliced off free hand with a sharp razor and 
examined microscopically in Ringer’s solution Such sections were often 
stimulated by an electnc current beneath the microscope, and the muscle m 
them usuallj contracted, showing that they were still alive 

In both fixed and living preparations it was found that the muscle fibers 
occupied from 80 to 90 per cent of the total volume of the preparation, 
and the interstitial spaces, from 10 to 20 per cent The lymph spaces 
between the fibers are therefore smallenn the smooth muscle of the frog’s 
stomach than thej usually are in st nated muscle We are prepared to assert 
that at least 75 per cent of the total volume of our tissue was occupied by 
the muscle fibers, and we should judge that the average was nearer to 85 
per cent 

We did not extract our dned tissue with ether before ashing it for \ anous 
reasons It is possible that the ash of tissue extracted with perfectly dry 
ether more nearlj represents the inorganic salt content of the tissue than m 
the case where the ether extraction is omitted It would be very interesting 
to determine the differences between the ashes of extracted and unextracted 
tissue and we hope to take up this question later on We think, it is impor- 
tant, howeier, as a preliminary step to have total ash deter min ations for 
smooth muscle, which should be comparable, as far as possible, to the ash 
determinations which ha\e alreadj been made for the stnated muscle of the 
same animals 

In making our determinations we used in general the methods emplojed 
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by Katz,® and we earned along with each pair of determinations on smooth 
muscle a similar pair on striated muscle Our methods w ere exact!} similar 
to those of Katz in the determinations of potassium, sodium, iron, calcium, 
and magnesium 

We determined the phosphorus in both striated and smooth muscle as 
Katz did in three portions, e\-tracting our tissue first with boiling water, 
and then with 95 per cent alcohol in the Soxhlet apparatus The phosphorus 
was determined in the water extract, m the alcoholic extract, and m the 
residue which had been extracted with both water and alcohol In the stri- 
ated muscle we found, as Katz did, that a little over SO per cent of the phos- 
phorus appeared in the water extract In the case of smooth muscle, on 
the other hand, the phosphorus which appeared m the water extract was a 
little under 70 per cent of the total our figures for smooth muscle arc given 
in the experimental protocols We have not put these figures in our tables, 
because we think (as, indeed, Katz admits) that they are far from correct 
quantitatively Our water extracts from smooth muscle were quite opales- 
cent, and left, on evaporation, considerable quantities of greasy material 
which might well have been lipoid The results indicate that smooth muscle 
contains a good deal more non-diffusible phosphorus than striated muscle, 
but they require further elucidation 
In analyzing for phosphorus w'e fused our residues with sodium hydroxide 
and potassium nitrate in silver dishes instead of ashing them m platinum 
crucibles as Katz did 

In the case of chlorine a prehmmarv determination was made b> the 
method emplo}ed by Katz, in this determination the chlorine was found to 
amount to 0 0988 per cent of the f resh tissue We were not entirely satisfied 
with this determination and made two others, m which the fresh tissue was 
fused with sodium hydroxide and potassium nitrate and analyzed for chlo- 
rine by the Volhard-Arnold method described by Hawk 10 In these two 
experiments the chlorine was found to be 0 1200 per cent and 0 1191 per cent 
of the weight of the fresh tissue respectively 
The sulphur was determined by the method described by Hawk on pp 
381-383 of the w T ork just quoted The tissue was fused with sodium h}drox- 
ide and potassium nitrate m a silver dish over an alcohol flame, and the 
sulphates were subsequently precipitated by means of barium chloride 

Striated muscle analyzed by these methods for phosphorus, 
chlorine, and sulphur gave results not far from those obtained by 
Katz (see tables) 

Our results are given m Table II 


5 Katz Arch f d ges Physiol , lxm , p 1, 1S9G 

10 Hawk Practical Physiological Chemistry, 3d Edition, Philadelphia 
pp 390 and 391, 1910 
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THE RELATION OF OUR RESULTS TO THOSE OF SAIKI, MACALLUM AND 

COSTANTINO 

We agree with Macallum and Costantmo and differ from Saiki 
m finding the sodium and potassium content of smooth muscle 
not widely different from that of striated muscle We find in 
general that the ash of smooth muscle is much more nearly like 
that of striated muscle than Saiki’s figures would indicate, our 
figures for potassium, magnesium, phosphorus, and sulphur are 
much higher, and our figures for sodium, calcium, and chlorine, 
much lower than his Saiki Iaj's some emphasis on the large 
amount of calcium which he found m smooth muscle, and suggests 
(pp 492 and 493) that this element may have some connection 
with the well-known power of smooth muscle to remain for a long 
time m a state of marked tonic contraction Our figure for cal- 
cium is only about one-eighth of that of Saiki, and only about one- 
fourth of what Katz found for the striated muscle of the frog We 
are not mclmed to attribute very much significance to the percent- 
age of calcium found in either striated or smooth muscle In Katz’s 
results this element is by far the most variable of all, ranging from 
0 002 per cent m the steer to 0 018 per cent m the rabbit among 
mammals, and rising to nearly 0 04 per cent in the eel and pike 
Saiki’s figures seem to show that the amount of calcium varies 
widely even in the smooth muscle of the same animal, they range 
from 0 022 per cent to 0 042 per cent 

Our figure for iron is very low, which indicates that our tissue 
contained very little blood We were careful to dissect off the 
larger blood vessels from the outside of the stomach, and our 
method of pressing our sheets of muscle agamst filter paper proba- 
bly freed them from blood quite effectually The gross and micro- 
scopic appearances of our tissue agreed m indicating that there v-as 
very little blood m it 

Our results show that smooth muscle contains about twice as 
much chlorine as striated muscle, and m this we are in general 
agreement with both Saiki and Costantmo And we agree with 
Saiki, Costantmo, and Macallum m finding more sodium m smooth 
muscle than in the striated muscle of the same animal, though ve 
do not think the difference is so marked as Saiki’s figures n ould 
indicate Histological examination has convinced us that our 
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smooth muscle contained a larger proportion of muscle fiber than 
do most samples of striated muscle, we therefore think that all 
the work done so far on smooth muscle shows that the fibers of 
this tissue contain considerably more sodium and chlorine than 
do those of striated muscle It is interesting to note that the 
amounts of sodium and chlorine which we find m smooth muscle 
are about such as unite to form sodium chlonde 

GENEEAL DISCUSSION 

There is reason to believe that a large proportion of the sodium 
and chlorine of the blood plasma and lymph, and of the potassium 
and phosphorus of the stnated muscle fibers exists as diffusible 
salt, and it is rather generally supposed that semi-permeable 
membranes surround the muscle fibers and prevent the mter-diffu- 
sion of the sodium chlonde and potassium phosphate Overton 11 
has collected a good deal of evidence which tends to prove that the 
muscle fibers are surrounded by such semi-permeable membranes, 
he believes that such surrounding membranes constitute a very 
general peculiarity of both animal and vegetable cells On the 
hypothesis that such membranes exist there have already been 
founded tbeones of stimulation and of anesthesia, and it is alto- 
gether probable that many of the nutntional processes are con- 
trolled by the nature of the bounding surfaces between cells and 
the surrounding lymph 

Overton’s work makes it seem probable that the fibers of stn- 
ated muscle are surrounded by membranes permeable to water and 
to fat solvents, and impermeable to sugars and inorganic salts 
But the hypothesis that such membranes exist is, as Overton 
acknowledges, far from explaining all the known facts The 
question arises, how growing muscle fibers get their supply of 
potassium phosphate The concentration of potassium and phos- 
phorus m the blood plasma and lymph is very low, and salts do 
not diffuse from a region of lower to one of higher concentration 
The difficulty can be overcome only by supposing that the potas- 
bium and phosphorus enter the muscle fibers not as potassium phos- 
phate but in some other probably organic combination or com- 
binations 

11 Overton Arch f pea Physiol ,xcu pp 115 and 346, 1902, cv,p 207,ig04 



4io 


Ash of Smooth Muscle 


It is highly improbable that this process occurs only m growing 
muscle fibers The existence of a membrane absolutely imper- 
meable to salts is hardly conceivable, and it is not difficult to find 
experimental evidence for the view that potassium phosphate 
escapes from the muscle fibers quite readily The work of Urano 11 
and of Fahr 13 shows that the shghtest injury to an excised muscle 
causes a large escape of potassium and phosphorus from its fibers 
into a surrounding isotonic sugar solution Considerable quanti- 
ties of these elements may be lost without impairing the muscle’s 
irritability Further, Klug and Olsavsky 14 have shown that mus- 
cular work causes an increase m the phosphorus excreted in the 
urine 

It is, therefore, not a tenable hypothesis that the "semi-perme- 
able membranes” surrounding living cells are absolutely imper- 
meable to inorganic salts The impermeability must be regarded 
as relative, ana the solution of the most interesting physiological 
problems will depend on our knowledge of the degree and varia- 
bility of this relative impermeability In the case of striated 
muscle, there can be little doubt that under normal circumstances 
there is a frequent, if not continual, loss of potassium phosphate 
by the fibers, and this loss must be compensated by their taking 
these elements from the lymph m some other combmation It is 
generally believed that the striated muscle fibers contam a cer- 
tain amount of phosphorus in organic combmation with lecithin 
and nuclem, and it has been shown by Katz 1B that the phosphorus 
from these sources appears m the ash of the tissue 

Overton lays a good deal of stress on the fact that the intake of 
water by striated muscle from hypotonic solutions is smaller than 
it should be on the supposition that all of the water within the 
muscle fibers acts as a solvent for the muscle salts To explain 
this he has introduced the hypothesis that a part of the water within 
the muscle fibers is held m a sort of chemical combination by the 
muscle colloids and thus prevented from actmg as a solvent for 
the salts This hypothetical organically combined water he calls 
“Quellungswasser,” the term will be translated m this article bj 
the phrase organic water 

12 Urano Zeitschr f Biol, 1, p 212, 1907, li, p 483,1908 

13 Fahr Ibid, hi, p 72, 190S 

14 Klug and Olsavsky Arch f d gcs Physiol hv, p 21, 1893 

15 hoc cit 
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The evidence which Overton has accumulated makes the exist- 
ence of semi-permeable membranes very probable in the case of 
stnated muscle, but we wish to point out that the fact that the 
ash of a tissue is different from that of the lymph is not of itself 
sufficient to show that the cells or fibers of that tissue are sur- 
rounded by semi-permeable membranes To explain the condi- 
tions existing in smooth muscle, for instance, without invoking 
the aid of semi-permeable membranes, it is only necessary to sup- 
pose that the potassium, phosphorus, magnesium, and sulphur of 
the ash exist in the living tissue in a non-diffusible form, and to 
extend somewhat the conception of organic water which Overton 
himself has introduced For, if a little more than half of the water 
of the tissue existed as organic water, the percentages of sodium 
and chlorine given in the tables vould be sufficient to make the 
concentration of these elements in the remaining inorganic water 
the same as they have in the lymph 

There are reasons for believing that the fibers of smooth muscle 
are not surrounded by semi-permeable membranes For example, 
a great many facts indicate that these fibers lose fluid when they 
contract , 16 and it is difficult to see how this could occur if they were 
separated from their surroundings by membranes impermeable 
to inorganic salts Further, the changes of weight undergone by 
smooth muscle m various solutions of sugars and salts are so differ- 
ent from those undergone by stnated muscle in the same solutions 
that it is difficult to believe that the two sets of phenomena have 
anything m common Some of these peculiarities in the behavior 
of smooth muscle have been already reported , 17 others have been 
experimentally determined by one of us and may be bnefly de- 
scnbed here 

Both smooth and stnated muscle gam m weight if they are im- 
mersed in a half strength Ringer solution 18 If the rates of gam 
be determined at short (five to ten minutes) successive intervals 
and the results plotted as curves, it will be found that the curves 
m the two cases have entirely different characters Stnated 

"Meigs Amcr Journ of Physiol , -ecu, p 477, 190S, -cox, p 317,1912 

17 Meigs Ibid, xxvu, p xvu, 1911 

1 Bj a half-strength Ringer solution is meant a solution with the follow- 
ing formula, NaCl, 0 32 gram KC1, 0 01 gram, CaCl , 0 012 gram , N aHC0 3 , 
0 01 gram, HjO 100 grams 
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muscle gams most rapidly m the first five minutes and less rapidly 
m each succeeding period, the curve of gam m weight is, at least 
m the early stages, concave to the abscissa and of such a character 
as to suggest that the water intake may be the result of osmosis 
Smooth muscle, on the other hand, gams no more rapidly mthe 
first five minutes than m the next four or five succeeding equal 
periods Indeed, the gam may be slower at first so that the curve 
becomes slightly convex to the abscissa, but it tends in general to 
take the form of a straight lme 

Striated muscle maintains its original weight for many hours 
m a 7 5 per cent cane sugar solution, while smooth muscle may 
nearly double its weight m this solution m the course of an hour 
But, if nine parts of the sugar solution are mixed with one part of 
Ringer’s solution, the smooth muscle shows no marked tendency 
to gam weight m the mixture These facts are opposed to the view 
that the smooth muscle fibers are surrounded by semi-permeable 
membranes The mixture of sugar solution with Rmger solution 
has nearly the same osmotic pressure as the sugar solution itself, 
yet the muscle gams weight rapidly in this and fails to gam m the 
mixture The behavior of the muscle m these solutions, therefore, 
bears no relation to their osmotic pressure 
It must be added that both striated and smooth muscle live 
for twenty-four hours or more in half strength Rmger, m 75 per 
cent cane sugar solution, and m mixtures of the sugar solution 
with Ringer at room temperature The changes of weight under- 
gone by the tissues m these media must therefore be regarded 
as the reactions of living tissue 

We have some very incomplete evidence to show that the potas- 
sium and phosphorus of smooth muscle is present m the living 
tissue in a non-diffusible form, and that smooth muscle contains 
more lipoid than striated muscle We have cut pieces of smooth 
muscle across the fibers, kept them for several hours m isotonic 
saccharose solution, and then compared their potassium content 
with that of fresh muscle used as a control We find that very 
little (less than 5 per cent) of the tissue’s potassium diffuses out 
into the sugar solution under these conditions 

The boiling water extracts from smooth muscle contain a con- 
siderably less proportion of the tissue’s total phosphorus than do 
similar extracts from striated muscle (see ante, p 406, and expen- 
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mental protocols for phosphorus) though the smooth muscle extracts 
contain a larger proportion of solid matter Both of these facts 
are evidence for the view that a large proportion of the smooth 
muscle phosphorus comes from the lipoid of the tissue, and is there- 
fore non-diffusible under normal conditions 

The facts which are known at present, then, pomt to the follow- 
ing conclusions in regard to smooth muscle 

1 The fibers of this tissue are not surrounded by semi-permeable 
membranes 

2 Most of the water of the smooth muscle fibers is held by the 
colloids of the living tissue as organic water 

3 Most of the potassium, phosphorus, sulphur, and magnesium, 
which appear in the ash of smooth muscle, are present m the living 
tissue in a non-diffusible form 

PROTOCOLS OF THE EXPERIMENTS ON SMOOTH MUSCLE 

Potassium and Sodium I 6 787 grams fresh smooth muscle yielded 
0 050S gram combined KCI and NaCl and 0 1299 gram KiPtClt 
0 1299 gram KjPtClt is equivalent to 0 0397 gram KCI 
0 050S gram— 0 0397 gram = 0 0111 gram, quantity of NaCl 
0 0397 gram KCI contains 0 0208 gram K 0 0111 gram NaCl contains 
0 0044 gram Na 

6 787 gram muscle, therefore, contains 0 0208 gram or 0 3063 per cent K 
and 0 0044 gram or 0 0648 per cent Na 
II 6 3422 gram fresh smooth muscle yielded 0 0546 gram combined 
KCI and Nad, and 0 1364 gram K.PtCl* 

0 1364 gram K PtClt is equivalent to 0 0417 gram KCI 
0 0546 gram - 0 W17 gram = 0 0129 gram, quantitj of NaCl 
0 0417 gram KCI contains 0 0218 gram K 0 0129 gram NaCl contains 
0 0051 gram N a 

6 3422 gram muscle contains, therefore, 0 0218 gram or 0 3437 per cent 
K and 0 00 51 gram or 0 0S04 per cent Na 
Iron I 15 2106 grams fresh smooth muscle yielded 0 0003 gram Fei(PO,)j 
~ 0 0001 gram Fe = 0 0007 per cent Fe 
II 15 1614 grams fresh smooth muscle yielded 0 0003 gram Fe,(PO ( ). = 
0 0001 gram Fe = 0 0007 per cent Fe 

Calcium I 15 2106 gram fresh smooth muscle yielded 0 0009 gram CaO 
= 0 0006 gram Ca = 0 0042 per cent Ca 

II 15 1614 gTams fresh smooth muscle yielded 0 0009 gram CaO = 0 0006 
gram Ca = 0 0042 per cent Ca 

Magnesium I 15 2106 grams fresh smooth muscle yielded 0 0093 gram 
MgrPsO, = 0 0020 gram Mg = 0 0132 per cent Mg 



414 


Ash of Smooth Muscle 


II 15 1614 grams fresh smooth muscle yielded 0 00S9 gram Mg.P 0 7 = 
0 0019 gram Mg = 0 0126 per cent Mg 
Phosphorus I The water extract from 10 8756 grams fresh smooth 
muscle yielded 0 0374 gram Mg*P:0, = 0 0104 gram P = 0 095S parts P per 
100 parts muscle 

The alcohol extract fi om 10 S756 gram smooth muscle yielded 0 0139 gram 
MgaPiOr = 0 0039 gram P = 0 0350 parts P per 100 parts muscle 
The residue from 10 8756 grams smooth muscle uhich had been extracted 
with water and alcohol yielded 0 0057 gram Mg-P 2 0 7 = 0 0016 gram P = 
0 0146 parts P per 100 parts muscle 
This sample of smooth muscle, therefore, contained m all 0 0958 + 0 035G 
+ 0 0146 or 0 1460 per cent P 

II The water extract from 10 3912 grams fresh smooth muscle yielded 
0 0343 gram Mg*P 2 0 7 = 0 0090 gram P = 0 0919parts P per 100 parts muscle 
The alcohol extract from 10 3912 gram smooth muscle yielded 0 0097 gram 
Mg 2 P 2 0 7 = 0 0027 gram P = 0 0260 parts P per 100 parts muscle 
The residue from 10 3912 grams smooth muscle, which had been extracted 
with water and alcohol, yielded 0 0039 gram Mg-P.O, = 0 0011 gram P = 
0 0105 parts P per 100 parts muscle 
This sample of smooth muscle, therefore, contained in all 0 0919 + 0 0260 
+ 0 0105 or 0 1284 per cent P 

Chlorine I 3 5270 grams fresh smooth muscle yielded 0 0169 gram 
AgCl = 0 0042 gram Cl = 0 1191 per cent Cl 
II 3 5008 grams fresh smooth muscle yielded 0 0169 gram AgCl = 0 0042 
gram Cl = 0 1200 per cent Cl 

Sulphur I 6 3489 gram fresh smooth muscle yielded 0 0797 gram BaS0< 
= 0 0109 gram S = 0 1724 per cent S 
II 6 0210 grams fresh smooth muscle yielded 0 0658 gram BaSO< = 
0 0090 gram S = 0 1501 per cent S 

The experiments described m these protocols are those of which the results 
are given in Table II We have analyzed other samples of smooth muscle 
for potassium, sodium, phosphorus, and chlorine, but have not used the 
results of these analyses in calculating our averages, chiefly because they 
were preliminary single analyses without accompanying parallels The 
results were, however, not far from those which appear in the table and may 
be given here Potassium, 0 345S per cent, sodium, 0 0506 per cent, phos 
phorus, 0 1494 per cent, chlorine, 0 0988 per cent 

The percentages of water and total solids in our samples of tissue were 
determined by drying them at between 100° and 110°C until they reached 
constant weight This usually required between twenty-four and seventy - 
two hours, though the loss of weight after tventy-four hours was very slight 
The figures in the table represent the widest differences found in six deter- 
minations, and the average is calculated from all six In the four deter- 
minations not given m the table the total solids were found to be 17 49 per 
cent, 17 60 per cent, 17 82 per cent, and 17 93 per cent respectively 
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New Yod ) 

(Received for publication, March 26, 1912 ) 

In 1901 the writer pointed out the fundamental difference m 
the behavior of electrolytes and non-conductors m regard to antag- 
onistic action on the eggs of Fundulus 1 While it was to a large 
extent possible to antagonize the toxic action of one electrolyte 
by" another it was impossible to antagonize the toxic action of an 
electrolyte by a non-electrolyte Gies and I found an apparent 
exception to this rule m the case of the salts of heavy" metals, e g , 
ZnSOi which could be antagonized by an excess of cane sugar, 2 
and Sumner found afterwards that the toxic action ofCuSOi 
could also be deferred through the addition of cane sugar 3 We 
v,ere inclined to explain this apparent exception on the assump- 
tion of the formation of saccharates with a diminution m the con- 
centration of the free metal ions In the case of the antagomza- 
tion of one salt by another we are dealing with a common action 
of both salts upon one or several colloids on the surface of the 
organism 4 

The writer recently made experiments on the toxic action of 
sugars on Fundulus, the results of which, at first sight, seemed to 
speak in favor of the possibility of an antagomzation of the toxic 
action of sugars by salts A more thorough analysis, however, 
shou ed that m this case the real antagonism v as betw een two elec- 

1 Amcr Journ of Physiol , n, p 411, 1902 

5 Pflugcr s Archu, vein, p 246, 1902 

* Amcr Journ of Physiol , xiv, p 61, 1907 

4 Science, xxxn , p 653, 1911 
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trolytes The method employed was identical with that used m 
the previous experiments by Mr Wasteneys and the writer A 
series of sugar solutions was prepared, 500 cc of each, and six 
Fundulus were put into each of these solutions, after having been 
washed repeatedly in fresh and distilled water The number of 
fish which had survived the treatment was ascertained daily 

Tables I and II give the records of two simultaneous expen- 
ments, one with various concentrations of cane sugar alone, the 
other with the same concentrations of cane sugar solutions made 
upmaj solution of NaCl + KC1 + CaCl 2 (m the usual propor- 
tion) instead of m water 

A comparison of the two tables gives the typical picture of an 
antagonistic action, while m the pure cane sugar solutions all the 
fish were dead on the seventh day, in the solutions of cane sugar 
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TABLE II 

Number of surviving fish m various concentrations of cane svgann NaCl, 

KC1, CaCl- 
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mad© up in ^ NaCl 4 KOI -f- CaCl 2 practically all tlie fish v ere 
alive in all the sugar solutions below f Nevertheless the salt 
did not antagonize the toxic action of the sugar solutions in this 
case, but the action of a fermentation product from the sugaT, 
namely an acid In previous publications by Mr Wasteneys and 
the -writer it was shown, that the toxic effects of acid on Fundulus 
could be antagonized by salts, and that the concentration of acid 
the toxic action of which can be antagonized, is not inconsiderable 6 
Table III gives the maximum concentration of acid which is antag- 
onized by a mixture of Nad -f KC1 + CaCl 2 of various concen- 
tration 


TABLE lit 
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KC1 and CaCli 
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The sugar solutions with and without salt soon become turbid 
and later almost opaque and an examination showed that the solu- 
tion was teaming with bacteria A titration of the sugar solutions 
with NaOH gave a rather high degree of acidity as was to be 
expected Twenty-five cubic centimeters of the xr cane sugar 
solution m f NaCl + KC1 + CaCh required on the ninth day 
7 5 cc 'rife NaOH for neutralization The toxic action of the 
sugar solution on the fish uas therefore due m part not to the 
sugar but to a fermentation product, namely an acid That the 
fish died of acid poisoning was also indicated by their external 
appearance As I pointed out in a previous paper the epidermis 

1 Biochan Znlschr , xxxm, p 4S9, 1911, xxxlx, p 167 ,1912 
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becomes white in the case of acid poisoning, and the fish -which 
died in the sugar solutions became white before death occurred 
Similar results were obtained m experiments with dextrose, as 
Tables IV and V wall indicate The experiments represented m 
these two tables were made simultaneous^ 


TABI E IV 

Number of surviving fish in vai ious concentrations of dextrose in v akr 
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TABLE V 


Number of surviving fish in various concentrations of dextrose in NaCl + 

KC1 + CaCh 



The dextrose solutions were less toxic when they were made up 
m “ Ringer solutions than x\ hen made up in H 2 0 As was to be 
expected the dextrose solutions soon became turbid and opaque 
and contained a considerable amount of free acid Again the 
inference x\ as unavoidable that the antagonism m this case existed 
befrw een the free acid and the salt and not between the sugar and 
the salt, and this surmise was supported by the fact that the epi- 
dermis of the fish show ed the whiteness characteristic for the effect 
of acid This idea that the acid and not the sugar solution killed 
the fish could be put to a further test by a comparison of the toxic 
action of sugar solutions -which Mere allowed to ferment and sugar 
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solutions which were renewed sufficiently often to present a high 
concentration of acid through the action of bacteria Into each of 
two dishes with 500 cc f dextrose six Fundulus were put The 
one dish remained unaltered, the fish of the other dish were trans- 
ferred mto a fresh ” dextrose solution ev ery tw entj -four hours 
In these latter solutions fermentation began also and some acid 
was formed, but this solution remained clear and the amount of 
acid was too small to do much harm Care was taken that the 
ness sugar solutions always had the same temperature as the old 
ones In the dextrose solution which was not changed all the fish 
were dead after four days, as in the previous experiments, and they 
died with the symptoms of acid poisoning The six fish which 
were transferred mto a fresh | dextrose solution ev en day are 
still alive and apparently normal todaj, on the twenty -sixth day 
of the experiment This experiment was repeated with the same 
result 

A similar experiment was started with an £ solution of cane 
sugar Four dishes, each with 500 cc | cane sugar, were prepared 
and six Fundulus put mto each dish In two dishes the solution 
was not renew ed, the fish from the other tw o solutions were trans- 
ferred ever}- da}- into a fresh ” solutions of cane sugar 

In the dishes m which the cane sugar solution was not renewed 
the fish w ere all dead after three and five days respectn el} The 
fish which were transferred every day are partly alive today after 
fifteen days, m one dish five out of the six put there originally are 
still alive and two in the other dish 
These experiments leave no doubt that at least part of the toxic 
effects of the sugar solutions is due to the formation of acid and that 
the antagonism expressed in Tables I and II and IV and V is the 
antagonism between acid and salts 
It became a matter of interest to find out to what extent a pure 
sugar solution may be called toxic for these fish For this purpose 
six fish each were put into a tu, f, f and 1? solution of cane sugar 
and the solution renewed each day Table VI gives the results 
The rapid death m the “ and t cane sugar solution cannot be 
ascribed to a product of fermentation, e g , acid, here we are pos- 
sibl} dealing with a direct action of the sugar The f z and f 
solutions, however, behave almost like an indifferent salt-free 
solution 
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TABLE VI 


Number of surviving fish in various concentrations of cane sugar 
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The writer is not m a position to judge whether or not these 
results can be applied to the interpretation of the symptoms of 
patients with glycaemia During the experiments the fish were 
not fed and therefore did not take up any salts 

SUMMARY OF RESULTS 

1 Fundulus live longer in solutions of cane sugar and dextrose 
made up m a “ solution of NaCl + KC1 -f- CaCl 2 than m the same 
sugar solution without salts 

2 It is shown that m these solutions (through bacterial action) 
a considerable amount of acid is formed and that the apparent 
antagonism between sugar and salt is m reality a case of antagonism 
between acid and salt 

3 This conclusion is corroborated by the observation that “ 
solutions of dextrose or cane sugar, which kill the fish m a few day* 
become almost harmless if the solution is renewed every twenty- 
four hours, whereby the multiplication of bacteria and the forma- 
tion of acid is considerably diminished 

4 These experiments also show that ^ or weaker solutions are 
in themselves nearly harmless and that their apparent toxicity 
upon Fundulus is due to the formation of acid or other products 
under the influence of bacteria Concentrations of sugar equal to 
or greater than “ are, however, harmful independently of tbr 
acid formation by bacteria 
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In the earlier papers of this senes the preparation and chemical 
and physiological properties of some manmte esters of steanc 
acid have been descnbed These compounds, because of their 
high melting pomt and low digestibility were not well adapted to 
physiological investigations, and it was decided to prepare similar 
compounds of a fatty acid lower in the senes, m the hope that 
they would prove more suitable Launc acid was chosen as being 
of sufficiently lower carbon content to give a decided difference m 
properties, and because its wide distribution promised a ready 
supply of matenal To prepare launc acid, laurel oil was saponified 
and the fatty acids fractionally distilled at low pressure according 
to the directions of Krafft 1 The fraction so obtained, which 
boiled at 225° under 100 mm pressure, was found to have too low 
a melting pomt It was, therefore, recrystalhzed from ice cold 
alcohol until a product was obtained which melted at 42°C and 
distilled at 225° under 100 mm pressure This sample was used 
in the preparation of the manmte esters descnbed below 

MANNITE DILA URATE 

Mannitan dilaurate uas prepared from the launc acid as fol- 
lows 

Ten grams of manmte (Kahlbaum) were dissolved m 200 cc warm (38°) 
concentrated sulphuric acid and 23 grams launc acid stirred in When all 


1 Krafft Bcr d deulsch chem Gesellsch , Ivm, p 4344, 1903 
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had dissolved the mixture was digested over night in an incubator at 3S°C 
To separate the mannite esters from the acid mother liquor, the solution was 
poured with constant stirring into iced, saturated ammonium sulphate, let 
stand for a short time, transferred to a filter, let dram as completelj as pos 
sible, then washed once with saturated ammomum sulphate After again 
draining, the mass was transferred to boiling alcohol in which it separated 
into two layers, a lower, watery layer contaimng most of the ammonium 
sulphate and acid, and an upper alcoholic layer which contained the mannite 
ester The lower layer was siphoned off and the alcoholic solution allowed 
to cool The ester was filtered off and recrystalhzed from alcohol until the 
melting point was constant 

The yield from the second recrystalhzation from alcohol was 13 grams, 
corresponding to about 45 per cent of the launc acid used — a i ery much 
lower yield than was obtained from stearic acid Grun in his work on the 
synthetic fat has also found that the sulphuric acid synthesis becomes less 
effective the smaller the molecular weight of the fattj acid 2 

The product obtained greatly resembles the homologous stearic 
acid compound It separates from alcohol m microscopic needles 
which when dried are snow white It is practically insoluble m 
cold alcohol, and only slightly soluble m cold ether, benzol or chloro- 
form It dissolves m these solvents when heated to boiling and 
separates on cooling m crystalline form It is heavier than water 
Melting point (uncorrected), 122°C 

It is slightly dextrorotatory Because of its slight solubility 
there was the same difficulty m making the polarimetnc readrng 
as with the stearic acid ester 

One gram of manmtan dilaurate dissolved in 25 cc chloroform at 50°C 
and read in a 1 dm tube gave a reading of +0 34° 

Md = + S 5° 

Analisis A fatty acid determination w r as made m the regular win 
The ester dissolved in hot alcohol was saponified by alcoholic alkali, most of 
the alcohol driven off and the residue taken up with water The fatt\ acid 
set free by the addition of sulphuric acid was filtered, w ashed w lth hot w atcr 
until the wash water showed no trace of sulphate, then dried and weighed 

(1) 0 5938 gram manmtan dilaurate yielded 0 7218 gram launc acid = 
75 6S per cent, 

(2) 1 0449 gram manmtan dilaurate yielded 0 7920 gram launc acid = 
75 79 per cent 

X \Cnlculnted for manmtan dilaurate, CtHioOaCCiiH-jCOO)" = 75 75 per 
cent 


Grun Bcr d deulsch chem Gesellsch , \1, p 1778 
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Combustion 


C 

H 


(1) 0 1512 gram yielded 0 3773 gram CO. and 0 1424 gram 

H-0 

(2) 0 1496 gram yielded 0 3727 gram CO and 0 1423 gram 

HO 

(3) 0 13S7 gram yielded 0 3452 gram CO 

Calculated Found 

1 2 3 

6S IS 6S 06 67 95 67 8S 

10 61 10 47 10 57 


Mannitan dilaurate, because of its high melting point, did not 
seem promising, and no feeding experiments were made with it 


ISOMANNID DILAURATE 

Isomannid dilaurate Mas prepared from the manxutan dilau- 
rate by a short heating to 200°C in the same way as isomannid 
distearate vas prepared from mannitan distearate 3 The product 
was freed from small portions of the unchanged mannitan ester by 
repeated treatment with cold ether, filtering and evaporating to 
dryness, until it dissoh ed clear m a small portion of the cold sol- 
vent It vas then taken up with ether, titrated with alcoholic 
alkali and phenolphthalein to remove any free launc acid, filtered, 
treated with bone black to remove color, again filtered and evapo- 
rated to dryness The pure white product was further purified by 
several recrystallizations from ice cold alcohol 
The product is snov-uhite and when melted and cooled appears 
crystalline It is lighter than water and emulsified readily with 
varm soap solution 

When heated above 100°C it slowly volatilizes with decompo- 
sition It is readily soluble m cold ether, benzol or chloroform and 
is quite soluble in cold alcohol 
Its melting point is 37 5 D C (uncorrected) 

Optical acimty Like the corresponding steanc acid ester it is 
strongly dextrorotatory’ Determinations were made m ether and 
benzol solution 

Ether 0 343 gram m 50 cc ether in 2 dm tube gives reading +1 73, 
= +125 5° 

0 600 gram m 16 cc ether in 1 dm tube gives reading +4 69, 
= +125 1° 


* Bloor This Journal, vi, p 141, 1912 
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Benzol 0 494 gram in 50 cc benzol m2 dm tubegnes rending +495 
= +125 0 

Refraction Abbe-Zeiss refractometer 

«<o = 1 4570 = 1 4555 = 1 4535 n eo = 1 4500 

Its low melting point and ready saponification rendered lsoman- 
nid dilaurate a promising substance from a physiological point of 
view, and experiments were conducted to determine its availability 
for the animal organism Because of the difficulty of obtaining 
pure lauric acid m large quantity, and since for physiological pur- 
poses a pure compound was not required, a mixture of isomanmd 
esters of lauric, mynstic, etc , acids was used The acids were 
obtamed from cocoanut oil, which consists mainly of esters of 
capnc (20 per cent), lauric (40 per cent) and mynstic (24 per cent) 
acids together with small amounts of palmitic (10 per cent) and 
oleic (5 per cent) acids The palmitic and oleic acids and most of 
the capric acid were removed as follows 

Commercial cocoanut oil was saponified with alcoholic potash The 
soaps were dissolved in water, boiled, skimmed free from unsaponified 
material, and the fatty acids set free with sulphuric acid After washing 
several times with hot water, then cooling, the cake of fatty acids was dried 
and dissolved m just sufficient alcohol to avoid any separation when cold 
Enough saturated magnesium acetate solution was added to precipitate the 
palmitic acid, the mixture set zn the ice chest over night, then filtered ona 
Buchner filter The precipitate contained the palmitic acid For the 
separation of the oleic acid, recourse was had to the solubility of its lead 
soap in ether To the filtrate from the magnesium precipitate a hot satu- 
rated water solution of lead acetate was added as long as a precipitate was 
formed, and the mixture was set in the cold over night The lead soaps 
were filtered off, pressed as dry as possible, then boiled out with water 
They melted and sank to the bottom, and on cooling solidified The water 
was poured off, the solid mass dried, melted to get rid of the remaining water, 
shaved fine and extracted several times with cold ether The insoluble 
residue was boiled out with dilute hydrochloric acid sufficient to remove the 
lead, washed well with boiling water and finally cooled 

The mixture of fatty acids so prepared, consisting largely of 
lauric acid, was used m the preparation of the mannite esters for 
the feeding experiments The proportions of the fatty acids varied 
somewhat, depending on the sample of oil used and on the condi- 
tions of the separation, so that ester mixtures prepared from differ- 
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ent samples differed to some extent in melting point and optical 
activity Iso manm d esters were prepared from these fatty acid 
mixtures by the method outlined above 
Weighed quantities of the esters together with meat were fed 
to animals, and the amount of digestion determined by the optical 
activity of the ether extract of the feces It was obviously neces- 
sary to know the optical activity of the ether extract of normal 
feces under parallel conditions Some preliminary experiments 
were, therefore, carried out m which the animal was fed lean meat 
and lard 

PRELIMINARY (CONTROL) EXPERIMENTS 

A cat, weighing 1 6 kilos, was starved for two dajs, then fed on each of 
three days, 75 grams of hashed lean beef, 7 5 grains lard and 3 grams bone ash 
(added m order that the resulting feces could be readily dned and powdered 
for extraction) The feces were collected, dned, broken up and extracted 
three to four hours with ether in a Soxhlet extractor The ether extract was 
filtered, evaporated to 50 cc and readings taken m a polanscope using a 1 
dm tube 

First day — reading of 50 cc ether extract of feces in 1 dm tube = 4-0 04° 
Second day — reading of 50 cc ether extract of feces m 1 dm tube = 
4-0 07° 

Third day — reading of 50 cc ether extract of feces m 1 dm tube = 4-0 03° 
Average reading for one day's feces on above diet = 4-0 05 

Other blank experiments were earned out m the intervals of the 
ester expenments with results substantially the same 

FEEDING EXPERIMENTS WITH THE ISOMANNED ESTERS 

The mixture of esters used m these expenments had a melting 
point of 25° and specific rotation of 4-87 0° 

Between each of the expenments came two days of feeding of 
meat mixed with a little wood-charcoal, so that the feces from the 
ester-feeding days were sharply marked off 

Experiment I The cat, after a preliminary starvation period of two 
days, was fed 50 grams hashed lean meat, 3 5 grams isomanmd esters and 
3 grams bone ash The resulting feces were dned, broken up and extracted 
three to four hours in a Soxhlet extractor The ether extract after filtering 
was ei aporated to 50 cc and readings taken with the polanscope using a 
1 dm tube 

Average of readings = 4-0 05° 

Subtracting reading of blank 4-0 05° — indicates complete absorption 
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Experiment II The same animal was fed 50 grams hashed lean meat, 
4 grams of the isomannid esters and 3 grams bone ash The feces were col 
lected and e\tracted as usual 

Reading of the e\tract in 50 cc ether in 1 dm tube = -f-0 29 0 
Blank = +0 05° 

Corrected reading = +0 24° 

Corresponding to an ester content of +0 14 gram 
Absorption = 97 15 per cent 

Experiment III The same anima', after the usual preliminarj feeding 
with meat and charcoal was fed 50 grams of hashed lean meat, 4 grams of 
isomannid esters and 3 grams of bone sash The feces were collected and 
extracted as usual 

Feces extract in 50 cc ether in 1 dm tube = +0 39° 

Blank = +0 05° 

Corrected reading = +0 34° 

Corresponding to 0 19 gram of ester 
Absorption = 95 3 per cent 

The results of the experiments indicate a practically complete 
utilization of the isomannid esters of the fatty acids used The 
slightly better absorption in Experiment I may have been due to 
the previous starvation In the paper immediately following this 
one are reported experiments on dogs, m the course of which, after 
feeding isomannid esters, the contents of the whole intestinal 
tract were removed and examined for unabsorbed esters The 
results bear out the findings of the above experiments, and show 
clearly that mannite esters of the fatty acids, if of suitable melting 
point, are as well utilized by the animal organism as are ordinary 
fats 

Because of the excellent utilization of the isomannid esters of the 
fatty acid mixture used above (mainly launc acid) it became of 
interest for purposes of comparison to determine the degree of 
utilization of the homologous isomannid ester of stearic acid 4 
The same animal was used as in the other experiments (a cat 
weighing about 1 6 kilo) 

Experiment I After two days’ starvation, the cat w as fed 50 grams lean 
beef, 3 grams bone ash, and 4 grams isomannid distearate dissolved in 12 cc 
of cotton seed oil ^ (The resulting mixture melted nt45 0 C°, but remained 
soft at body temperature An unsuccessful attempt was made to obtain 
and feed a mixture melting at body temperature by using more cotton seed 

4 Isomannid distearate is described in the second paper of this scries 
Bloor loc ext 
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oil The use of so much oil caused a diarrhoea ) The feces were collected 
and extracted with ether as in the previous experiments 
First passage of feces Ether extract in 50 cc ether m 1 dm tube reading 
0 84° 

Blank (for whole day), 0 05° 

Corrected reading, 0 79° 

Corresponding to a weight of ester of 0 43 gram 

Second passage of feces Ether extract m 50 cc ether in 1 dm tube read- 
ing 1 10 

Corresponding to a weight of ester of 0 60 gram 
Total ester recovered m feces, 1 03 grams 
Per cent absorption, 73 per cent 

Experime;,t II The same animal was fed 3 5 grams of isomannid di- 
stearate m 10 cc of cotton oil with 50 grams lean beef and 3 gramsbone ash 
Feces collected id two portions and extracted with ether as usual 
Portion 1 Reading of 50 cc ether extract in ldm tube =* +0 87° 

Blank (for whole day) = +0 05° 

Corrected reading +0 82° 

Corresponding to 0 44 gram ester 

Portion S Reading of 50 cc ether extract in 1 dm tube — +1 03° 
Corresponding to 0 55 gram of ester 
Total ester recovered in feces => 0 99 gram 
Per cent absorption = 72 per ceDt 

The utilization of isomannid distearate by the animal body is 
quite comparable to that of a high melting fat, e g , tnsteann 6 

SUMMARY 

Manmtan and isomannid di-esters of launc acid have been pre- 
pared and described 

The isomaimid esters of launc and closely related fatty acids 
have been shown to be as well utilized by the animal organism as 
ordinary fats The work is now bemg extended to the prepara- 
tion of the esters of the higher fatty acids with the true carbo- 
hydrates 


* Amschmk Zexlsthr f Biol , xxvi, p 434, 1890 
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( From the Laboratories of Biological Chemistry, Washington University, 

St Louis ) 

(Received for publication, March 27, 1912 ) 

It is pretty generally believed that under normal intestinal 
conditions, most, if not all, of the food-fat is saponified m the intes- 
tine before absorption, and is absorbed as soaps The question 
v hether all fat must be spht before absorption is still m doubt 
It has been shown that fat-like substances such as the petroleum 
hydrocarbons 1 and wool fat, 2 although they emulsify well, are not 
absorbed (a fact which in regard to the petroleum hydrocarbons 
has recently been disputed) 3 Frank has demonstrated that the 
ethyl esters of the fatty acids, all of which form good emulsions 
and are readily saponified by the intestinal lipases, do not pass 
into the chyle unsplit 4 On the other hand there is much evidence 
to shov that food fats may be transferred to the fat depots of the 
animal body without apparent change 
The research on the carbohydrate esters of the higher fatty 
acids 5 was undertaken primarily m the hope of obtammg a fatty 
substance of such characteristic properties that it could be traced 
through the processes of absorption With such a substance it 
was intended, among other things, to test further whether a fatty 
substance could pass into the chyle unchanged The isomannid 
dilaurate described m the preceding paper seemed suitable for this 
purpose since it has great optical activity ([a]" D ° = +125°) which 
is lost on saponification, it emulsifies and saponifies readily, and 

1 Hennques and Hansen Zentralbl f Physiol , xiv, p 313, 1900 

1 Connstcm Arch f {Anal tt ) Physiol , p 30, 1899 

5 Bradley Proceedings Amer Soc Biol Chem , Baltimore, Dec , 1911 
* Frank Zcilschr f Biol , xxxvi, p 568, 1898 

4 Bloor This Journal, vn, p 427,vi,p 141 
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has been show to be well utilized by the animal org anism Ex- 
periments were accordmgly undertaken to determine whether iso- 
manmd dilaurate, when submitted to the processes of digestion 
and absorption could be detected m the chyle 

After a preliminary period of starvation the animals (dogs) 
were fed considerable amounts of the isomannid esters, described 
m the paper immediately precedmg this, together with hashed 
lean beef, and after a sufficient time had elapsed for digestion to be 
well under way they were etherized, a cannula tied into the thoracic 
duct 6 and the chyle collected for a period of three or four hours 
The animals were then killed and the contents of the gastrointes- 
tinal canal removed and examined for unabsorbed esters The 
fat of the chyle was extracted by shaking out several times with 
ether, and finally the chyle was evaporated to dryness and again 
extracted with ether The ethereal extracts were examined for 
optical activity No attempt was made to determine the exact 
nature of the fat 

Experiment I A young dog (female), weighing 9 kilos, after stanmg 
two days, was fed 160 grams of hashed lean beef and 19 grams of isomannid 
esters of the fatty acids (mixture of lauric, myristic, etc ) obtained as 
described m the preceding paper The ester mixture had a melting point 
of 25° and a specific rotation of +88 4° Time of feeding, 8 45 a m At 1 30 
p m the animal was etherized and at 2 05 p m the cannulas assccureh tied 
into the duct — five hours and twenty minutes aftei feeding 

Collection of chyle 

Portion 1 From 2 05 p m to 3 05 p m , 33 cc of very w hite milky chj le 

Portion 2 From 3 05 p m to 4 05 p m , 34 cc chyle rapidly losing its v. hite 
color 

Portion 3 From 4 05 p m to 5 05 p m , 35 cc chyle of j'ellomsh color 

Portion 4 From 5 05 p m to 5 35 p m , 14 cc chyle of j ellowish color 
Animal killed 

The blood pressure remained at a good height (130 to 140 mm throughout 
Ether extract of chyle 

Portion 1, acidified ■with sulphuric acid and extracted four times ruth 
v arm ether Extract = 0 S gram Per cent of fat in the chj lc = 2 4 per 
cent Optical activity, 0 8 gram in 35 cc ether in 2 dm tube, n one 

6 The operations were performed by Dr D E Jackson of the department 
of Pharmacology of this school, to ahom I take this opportunity of express 
mg my thanks 
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Portions 2, 3 and 4 combined and extracted similarlj height of total 
extract, 0 8 gram Per cent of fat in cbjle of last three portions = 0 97 
per cent Optical activitj , none 

The fat was saved to be united with material from later experiments for 
further examination 


Examination of intestinal tract 

The whole gastro-intestinal tract was removed shortlj after death, slit 
throughout its whole length, and the contents scraped out under alcohol 
The stomach was found to be verj much distended with gas and contained 
considerable undigested material, the small intestine was empty except 
for masses of intestinal worms The large intestine contained old fecal 
material onlj 

The alcoholic mixture was allowed to settle in the cold, the clear liquid 
poured off and e\ aporated to dryness The alcohol-insoluble portion was 
dried separately After drying, the two portions were umted and extracted 
several times with hot ether The extracts were united, washed with water, 
treated with a little bone black, filtered and evaporated to dryness The 
dr> residue was taken up with ether and the ether extract examined for 
optical activitj 

Ninety-nine cubic centimeters of ether extract m 100 mm tube gave a 
rotation of +1 88, corresponding to a weight of ester of 1 9 gram 

The ether extract was titrated with alcoholic alkali and phenolphthalem 

Acidity = 6 7 cc ^ alkali corresponding to 1 34 gram launc acid 

The extract was now acidified, washed with water, evaporated to drj ness, 
taken up with ether, filtered, again evaporated to dryness, and the residue 
weighed Weight, 4 0 grams 

The ether-soluble material from the intestinal canal ma> then be listed 
as follows 

Grams 


Undigested manmd esters 1 9 

Fattj acids as lauric acid 1 34 

Unidentified 0 76 

Total 4 o 


Eight hours and fiftj minutes (four hours under ether) after feeding, 90 
per cent of the ester had been split and 83 per cent absorbed 
Experiment II Dog (female), weight, 6 kilos , after two dav s starvation 
was fed 150 grams hashed lean meat and 13 2 grams of the isomanmd esters 
This sample of ester melted at 20°C and had a specific rotation of +100° 
Time of feeding, II 10 a m It was decided to begin the operation earlier 
than m the first experiment since it was found that digestion was almost 
complete at the time of the operation (fi\ e to six hours after feeding) The 
animal therefore, was etherized at 1 20 p m The cannula was m the duct 
and collection of chjle begun at 1 50 p m —two hours and fortj minutes 
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after feeding The chyle was received in a small amount of ammonium 
oxalate solution, m order to obviate the difficulty of working with clotted 
lymph 

Collection of chyle 

Portion 1 1 50 to 2 50, 25 cc white and milky 

Portion 2 2 50 to 3 50, 35 cc losing its dead white color 

Portion 3 3 50 to 4 50, 28 cc yellowish 

Portion 4 4 50 to 5 20, 11 cc almost clear Ammal killed 

The respiration was labored throughout, and the blood pressure was low 
and irregular, so that the ammal required constant watching 

Ether extractions of chyle 

Portion 1 Weight of extract, 0 5 gram Fat content of chyle, 2 per cent 
Optical activity, 0 5 gram in 20 cc ether in 200 mm tube, none (0 5 gram 
of the isomannid ester would have given a rotation of -f 5 0°) 

Portion 2 Weight of extract, 0 4 gram Fat content of chyle, 1 2percent 
Optical activity, none 

Portions 3 and 4 Weight of extract, 0 1 gram 

The extracted lymph from 1, 2, 3 and 4 was neutralized and evaporated 
to dryness with the aid of alcohol, and the dry material again extracted 
Weight of extracted substance, 0 4 gram The chyle fat was united with 
that of Experiment I and saved for further examination 

Examination of gastro-intestinal contents 

The stomach and intestinal tract w ere treated as in Experiment I The 
stomach was very much distended with gas, and contained a considerable 
amount of undigested food, while the small intestine contained only mucus 
The whole tract was scraped out and the contents dried and extracted with 
ether, as in the first experiment The ether extract w as wrnshed w ith w atcr, 
treated wuth bone black, filtered and examined for optical activity 

Volume of ether extract 475 cc 

Rotation in 1 dm tube +1 0° 

Corresponding to a w eight of ester of 4 75 grams 

Acidity The ether extract was evaporated to dryness, the residue taken 
up with chloroform and titrated with alcoholic alkali and phenolplithalein 

Titration 11 84 cc £ alkali = 2 36 grams calculated as launc acid, cor- 
responding to 2 5 grams of the dilaunc ester 

The chloroform solution was acidified, washed with waiter and evaporated 
to drjness Weight of dry residue, 10 0 grams The constituents of the 
ether soluble portion of the intestinal contents w'ere then 
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Gram 

Undigested ester 

4 75 

Fattj acid as launc acid 

2 36 

Unidentified 

2 89 

Total 

10 00 

Unabsorbed ester and fattj acid 

7 1 


Sit hours and ten minutes (four hours under ether) after feeding, 64 per 
cent of the total ester had been split and 46 per cent absorbed 

The chyle fat 

The combined ether extract of the chxle from the two experiments vas 
now examined It was punfied bj solution m ether, evaporation to dry- 
ness, re-solution, neutralization, treatment with bone black, and filtering 
The clear, slightly yellowish filtrate was evaporated to small bulk and 
examined for optical activity 

Twentj -five cubic centimeters of ether extract, containing 1 8 gTam of 
the purified fat was examined m a polanscope using a 100 mm tube Reading 
0 0S°, showing clearlj that no unsplit ester had passed into the chjle (1 8 
gram of the ester in 25 cc of ether would have shown a rotation of +7 2°) 

Melting point, 32°C 

Refraction, Abbe refractometer— n <5 = 1 456 (Tnlaunn «d 60 = 1440) 

The fat was now saponified and the fattj acids separated Melting point 

of mixed acids, 30°C 

Mean molecular weight The mean molecular weight of the fattj acids 
was determined bj titration 

0 357 gram in 100 cc chloroform with phenolphthalem = 1 69 cc 'f alkali, 
from which the mean molecular weight was calculated to be 211 

Iodine number (Hubl method) 0 26 gram of fattj acid absorbed 0 043 
gram I 

Iodine number, 16 5 

The chj le fat therefore consists probably of tnlaunn containing some 
triolein 


SUMMAHY OF THE EXPERIMENTS 

I Weight of dog, 9 kilos Time of operation, five hours and 
twenty minutes after feeding Duration of experiment, four hours 
Weight of esters fed, 19 grams Weight of esters absorbed, 15 8 
grams Esters in chyle, none 

II \\ eight of dog, 6 kilos Time of operation, two hours and 
fort} minutes after f eeding Duration of operation, four hours and 
thirtj minutes Weight of esters fed, 13 2 grains Weight of 
esters absorbed, 6 grams Esters in chyle, none 
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CONCLUSIONS 

The results of the experiments show quite conclusively that none 
of the isomannid esters had passed unchanged mto the chyle, 
although considerable quantities had been digested and absorbed 
This result is m entire agreement with the findings of Frank 7 
with the ethyl esters of the fatty acids and emphasizes the proba- 
bility that readily saponifiable fatty acid esters do not escape 
saponification under the favorable conditions in the normal intes- 
tine (excess of lipase, rapid removal of the products) Whether 
fatty substances of any kind may pass mto the chyle unchanged 
remains to be proven 


7 Frank Loc cil 



ECHINOCHROME, A RED SUBSTANCE IN SEA URCHINS 

By J F McCLENDOX 

( From the Embry ological Laboratory of Cornell Unuerstly Medical College, 
New York City, and the U S Bureau of Fisheries, Woods Hole, Mass ) 

^Received for publication, March 30, 1912 ) 

INTRODUCTION 

My interest m echmochrome arose from studies m permeability 
In the same way that haemolytic agents cause haemoglobin to 
leave the red blood corpuscles, so do cytolytic agents cause echino- 
chrome to leave the cells containing it R Lillie is of the opinion 
that this is due to the action of the cytolytic agent m increasing the 
permeability of the cell surface 

In the elaeocytes, wandering cells of the body fluid of Arbacia 
punctulala, the cytoplasm is crowded with spherical chromatophores 
Some of these may be colorless, but usually they are colored bright 
red with echmochrome Similar chromatophores, though not so 
close together, occur m the eggs In the unfertilized egg they are 
evenly distributed throughout the cytoplasm But after fertili- 
zation, the chromatophores all migrate to the surface within half 
an hour During cleavage of the egg, they are massed in the cleav- 
age furrows The pigment occurs also m the test of this sea urchin, 
and gives the animal the characteristic color, which vanes from a 
bright red (especially m young individuals) to a dark red, and may 
be almost black in old specimens 
In reference to the fact that the pigment may be caused to leave 
the chromatophores and pass into the cytoplasm and thence mto 
the medium, the following questions may be asked (1) How is 
the pigment held m the chromatophores' 1 ’ (2) What is its func- 
tion’ (3) What is its chemical nature’ The present paper is 
concerned with these questions 
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HISTORICAL 

Echinochrome was studied spectroscopically by McMunn , 1 who found it m 
the elaeocytes of the sea urchins, Strongylocentrolus lividus, Amphidolus 
cordatus, Echinus esculenius? and E sphaera The spectrum showed faint 
absorption bands, which varied with different solvents and different reac- 
tions of the same solvent McMunn thought that he noticed changes in the 
spectrum on the addition of powerful reducing agents, such ns stannous 
chloride, and concluded that echinochrome functioned as an oxygen earner 
However, the absorption bands in its spectrum are difficult to make out 
except in absolute alcohol (or glycerine) and m this solvent I obsened that 
stannous chloride caused a precipitation of the pigment, which interfered 
with the examination 

A B Griffiths 2 attempted an elementary analysis of the substance He 
dried the elaeocytes and extracted them with chloroform, benzol or carbon 
bisulphide On evaporation of the solvent he analyzed the substance with- 
out further purification, although evidently it contained many impurities 
From four analyses, he deduced the formula CjoiHisN^FeS Oi , which 
ivould make C = 07 8 per cent H = 5 5 per cent, and N = 9 3 per cent 
He states that on boiling with mineral acids it is transformed into lnemnto 
porphyrin, hnemochromogen and sulphuric acid (E + acid = 2 Cj<H 3 ) N<Oi 
+ CaiHnNFeOr, + H 2 SO 4 ) Griffiths agrees with McMunn that cchino 
chrome is an oxygen carrier, and states that the oygen is held rather firmh , 
md in nature is removed only by the reducing action of the cell containing 
the pigment 


EXPERIMENTAL 

The pigment m the elaeocytes, eggs and tests of Arbacia, shows 
no absorption bands, but after extraction it shows very' similar 
bands m its spectrum to those described for echinochrome by 
McMunn He published drawings of the spectra and measured the 
u ave lengths corresponding to the edges of the bands It is w r ell 
known that bands become broader as the solution is more concen- 
trated, and for that reason I measured the wave length of aline of 
the spectrum corresponding as nearly as could be determined to 
the center of each band By taking the mean between the wave 
lengths of the edges of the band in McMunn’s data I have com- 
pared his with mine The discrepancies may be accounted for, 

1 McMunn Quart Journ Micro Sci (2), xxv, p 469, 1885, \\\, P 
1SS9 

2 Griffiths Compt rend soc biol , cxv, p 419, 1892, Proc Roy Soc Edin- 
burg, xix, p 117, 1892, Physiology of the Invcrtcbrala, New York, 1802, Respira- 
tory Prolcids, London, 1897 
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first bj the fact that the mean is not the exact center of the band m 
a prism spectrum, and secondly there is a personal equation m 
observation I found the pigment extracted from elaeocytes, eggs 
or tests to give about the same spectra, though a few isolated obser- 
\ ations seemed to vary These might have been due to decom- 
position products with different spectra 


1 ABSOLUTE ALCOHOL 

ETHER \ . 

H-O 

j [ Neutral | +HC1 ] 

+XHj 

J-HCI 1 4-XH. 

Mi data 5236 | 4SU ! 5504 5302 J 4S44 . 5236 1 

McMunn ' 5512 512S j 4HS j 5370 

4S-U 
[ 499 S ! 

al54 | 4S44 1 
5205 j 4543 

1 j 

j 5206 | 

, 4S44 51a4 4S44 

1 1 1 


Neither McMunn nor Griffiths succeeded m crystallizing echino- 
chrome Dr A P Mathews had observed that on the addition of 
iodine in potassium iodide (KI 3 ) crystals form easily In 1910 
I obtained quantities of these crystals, but did notsucceedm re crys- 
tallizing them without great loss by the formation of amorphous 
masses The iodine compound in absolute alcohol showed an 
additional, but very dim band in the spectrum (wave length 5628 
or 5696) It crystallized in red or orange needle-like crystals, 
triangular in cross section, sometimes rhombic m side new and 
often forming rosettes They were but shghtly soluble m water 
unless hot or containing acid, soluble m absolute alcohol (the 
rhombic cry stalsseemingmore soluble than the needles) and shghtly 
soluble m ether If a solution in water is shaken with ether the 
latter is not colored If an alkali is added to the KI 3 solution no 
crystals are formed (due to combination of the base with the 
echinochrome) but HCl does not prevent their formation 

Some of this iodine compound which was kept for ser era] months 
m a dry state became more soluble m ether and crystallized inflat 
thm, red or orange rhombic plates Perhaps the substance had 
decomposed with the liberation of iodine, for I succeeded m crys- 
tallizing the mother substance and obtained the same plates, m 
addition to red or orange needles, never triangular m cross section, 
but sometimes forming rosettes 

I extracted echinochrome from the tests with strong, slightly 
acidulated alcohol and purified it by repeated precipitation with 
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alkali and solution in acid alcohol, and filtration 3 Fmalh I 
dissolved the precipitate m water plus HCl, filtered and shook the 
solution with ether The ether did not remove all of the echmo- 
chrome and the formation of haptogen membranes caused much 
loss of material The ether was evaporated at room temperature, 
as heat seemed to decompose the substance Occasionally a feu 
crystals formed at the edges of the solution but the mam mass of 
the residue was amorphous 

The next season (1911) I tried to purify echmochrome without 
the use of acids or alkalies The body fluid of the sea urchins was 
allowed to clot and the elaeocytes thus obtained were placed 
directly into acetone, which extracted the pigment The extract 
was filtered and evaporated at room temperature The residue 
was washed with carbon tetrachloride (which does not easily dis- 
solve echmochrome) to remove fats, and again dissolved in the 
smallest quantity of acetone and filtered to free it from traces of 
lecithin This solution was evaporated, dissolved m absolute 
ether and filtered to remove salts, evaporated to constant weight 
and analyzed by Dennstedt’s method A mean of two analyses 
gave C = 51 per cent, H = 7 7 per cent The echmochrome 
purified by precipitating -with alkali gave C = 53 3 per cent, 
H = 4 4 per cent, N = 1 5 per cent The nitrogen w as deter- 
mined by Kjeldahl’s method and therefore may not be reliable, 
since the constitution of the molecule is unknown Traces of 
sulphur and phosphorus, possibly due to impurities were found, but 
no iron The ether-soluble crystals from spontaneous decomposi- 
tion of the iodine compound gave C = 57 9 per cent, H = 6 5 
per cent 

It wms stated above that echmochrome is precipitated by alkalies 
in alcohol I precipitated echmochrome with NaOH in 95 per 
cent alcohol and washed m the same alcohol to remove the excess 
of NaOH From the amount of NaOH that was neutralized by 
the pigment I concluded that it combined w r ith from 18 to 25 per 
cent of Na Analysis gave C = 31 5 per cent, H = 6 per cent, 
Na = 19 5 per cent Therefore we may say that the echmochrome 
behaves as an acid, or else is amphoteric The former view is 

1 \lkah does not precipitate it in water, the particular base was immate- 
rial, ammonia was added but the presence of sea salts allowed the libera- 
tion of other bases 
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supported by the fact that on passing an electnc current through 
the aqueous (colloidal) solution, the echinochrome shous a nega- 
tive charge (is anodic) and again, if histological sections are placed 
m such a solution the acidophile portions are stained more strongly 
than the remainder In fact its behavior is 1 ery similar to that of 
a weak solution of eosro, except that it is very easily n ashed out 
by alcohol 

However the substance is probably amphoteric (the acid charac- 
ter being stronger than the basic) since its aqueous solution is 
precipitated by phosphomolybdic and phosphotungstic acids but 
not by tannin 

From the analyses given above it would seem that no one has 
succeeded m obtaining echinochrome m a reasonably pure state 
It is very unstable and probably breaks up into a host of decompo- 
sition products all having practical!} the same spectrum If it is 
kept in the dry state for a great length of time, or is evaporated 
on a bath not over 50° for a shorter time, part of it becomes insol- 
uble m ether but not m alcohol 
When heated m the combustion tube it first melts, then boils 
and sublimes as crystals on the top of the tube, then very ■mon 
turns brown and chars After being crystallized from a solution 
in ether the crystals often become smaller and irregular m outline 
Perhaps the crystals evaporate or lose water of crystallization, but 
I trunk that both these possibilities are improbable The crys- 
tals may decompose into an amorphous substance 
On first obtaining crystals, I feared that they were crystals 
of some other substance merely colored by echinochrome, but this 
seems impossible from later observations 
In extractions made for the purpose of studying the lipoids m 
Arbacia eggs, red or brown substances (echinochrome or its decom- 
position products) appear m e\ ery fraction, rendering analysis 
difficult and indicating the instability and vide solubility of the 
substance 

In order to test the statement that it is an oxy r gen earner I 
separated the cells from 50 cc of body fluid by the centrifuge, 
and mixed them with sea uater to make 50 cc This suspension, 
and 50 cc of sea water as a control, were placed in two similar 
graduated tubes The air was pumped out for six hours (until the 
water boiled), air was then admitted and the tubes sealed They 
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were shaked one-half hour and the volume of air measured at 
atmospheric pressure The suspension had lost 1 25 cc , the con- 
trol only 0 S cc In another experiment the suspension lost 0 95 
cc and the sea water 0 8 cc It was thought that m the absence of 
oxygen the cells would take the oxygen from the echinochrome 
However no color change could be observed with the naked eje 
or the spectroscope, and the greater absorption of air by the sus- 
pension may have been entirely due to oxidation m the cells In 
similar experiments, with an aqueous solution of the pigment, and 
distilled watei for a control, and using pure oxygen, the tv o tubes 
gave the same absorption, as shown by tivo examples 

Oxygen absorbed by H ; 0 111 

Oxygen absorbed bj echinochrome < * ® 

\ 1 lo 

The question, how echinochrome is held m the chromatophores, 
cannot be fully answered The chromatophores when free from 
pigment are highly refractive and stain strongly with the mtra- 
vitam stain, neutral red, and when fixed they stain strongly with 
Delafield’s haematoxyhn, indicating a lipoid nature The pig- 
ment may be in solution m the lipoid 

The fact that the spectrum is different (shows no bands) m 
life from the spectrum of the extract may indicate chemical com- 
bination of the pigment with the chromatophores The fact that 
echinochrome stains acidophile tissue may show a possible mode of 
such combination, if it be found that the chromatophores contain 
bases However I do not think we can rely on the spectroscopic 
evidence, for the absorption bands are very faint m aqueous solu- 
tion unless it be alkaline, and the cells containing the pigment 
interfere with the passage of light and make the observation diffi- 
cult I have never seen absorption bands m echinochrome ex- 
tracted from the fresh cells with distilled water The same state- 
ment is made by McMunn If the substance is held by chemical 
combination why does it come out so easily? 

The same argument may be made against the possibility that 
the echinochrome is held m the chromatophores because it is more 
soluble m them than m water When the cell is stimulated me- 
chanicallv or chemically the pigment comes out of the chromato- 
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phores with explosive rapidity The cell need not be killed to 
accomplish this The mere act of normal fertilization causes 
some of the chromatophores in the egg to lose their pigment 
The only alternative hypothesis I know of is, that the pigment is 
manufactured in the chromatophore, and cannot normally get out 
because the surface of this body is impermeable to it An increase 
in permeability of the chromatophore allows the pigment to escape 
Such an increase in permeability might be due to an aggregation 
change m the colloids of the limiting membrane or surface film 
Echmochrome is held m the chromatophores of the sea urchin’s 
cells probably in the same way that chlorophyll is held in the chro- 
matophores of the green plant cell 
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COMPOUNDS OF THE BARBITURIC ACID SERIES 
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Aside from the fact that certain pyrimidine compounds are con- 
stituents of the nucleic acid molecule, their possible biochemical 
importance is attested by a structural relation to the purines, 
creatine, creatinine, allantom and other compounds of physiologi- 
cal interest Moreover a few pyrimidines are known to have a 
marked pharmacological action 

The first substance of this type used m phj siofogical experiments was 
alloxantme, which is formed by the reduction of alloxan 

HN — CO HN— CO OC — NH 

I I +H . I I i I 
I i I I I I 

HN — CO HN — CO OC— NH 

Wohler and Frenchs 1 fed 5 to 6 grams of this to men but could not recover 
any m the urine, nor was alloxan found The urine was nch in urea, and 
a breaking down of alloxantme to urea and other products was beliei ed to 
be probable No mention is made of any toxic effects, although if an> had 
been expenenced they would undoubtedlj have been described because the 
subjects were human bemgs 

Koehne fed alloxan and alloxantme m 8-gram doses to dogs Each 
caused a mild diarrhea without other symptoms No alloxan or alloxantme 
was excreted m the unne, but small amounts of oxalic and parabamc acids 
were found Working independently of Koehne with the same compounds 
Lustra’ obtained results different m some respects at least In his expen- 

1 Wohler and Frenchs Ann d Chem u Pharm , lx\, pp 335-349, 1S4S 

5 Koehne Inaugural Dissertation, Rostock, 1894, 39 pp 

5 Lusirn Ann di chim e dx farmacol , xxi, pp 145-160, 1S95, pp 41-257, 
and xxu, pp 341-351, 1S95, pp 3S5-394 from Chem Centralbl , 1895, i, p 
1074, u, p 838 
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Action of Certain Pyrimidines 

ments he found that both of these substances attacked the skin of frogs, 
dogs and rabbits Both acted upon the cerebro-spmal centers, this action 
being divided into two periods, (a) hyper-reflex-excitability followed by 
rigidity, and (b) hypo-reflex-e\citabihty and paralysis This second stage 
had previously been noted by Curci, 4 who because of the use of a larger 
dosage had overlooked the first stage These and other minor effects vaned 
slightly with the compound used, alloxan being in general more toxic than 
alloxantine AHoxantine strongly reduced the hemoglobin of the blood 
both in vitro 6 and in vivo Among other phenomena produced in frogs by 
alloxan, mydriasis is noteworthy Alloxan also had a powerful influence 
on the heart, the contractions were diminished in vigor, diastolic pauses 
lengthened, and finally the heart stopped m diastole 

According to Lusini, alloxan was non-toxic when given per os, 0 5 gram 
being easily borne It did not reappear m the urine but parabamc acid 
and alloxantine were found When Lusini fed alloxantine he recovered 
only slight traces in the urine A small amount of dialunc acid was found 
together with parabamc acid and murexide in larger quantities Lusini 

HN— 

i 

reached the conclusion that the group, OC is able to stimulate and then 

1 

HN — 

HN — CO 

inhibit the nerve centers, and that the grouping, has no such power 

I 

It is, according to Lusini, the ketone-like CO which seems to have the stimu- 
lating property, and the abundance of these groups increases the toxicity 
of alloxan 

More recently Steudel 5 has attempted to ascertain whether pyrimidines 
may be built up to purmes in the animal body The compounds used in- 
cluded those which Behrend and Roosen 7 had described as intermediate 
products in the synthesis of uric acid m the chemical laboratory At the 
outset it may be stated that a purine synthesis in vivo was not established 
Steudel fed the substances to a bitch weighing 6 2 kg in doses of 1 gram per 
day with meat and attempted to isolate them or their punne deriva- 
tives in the urine 4-Methyluracil and 5-mtrouracil were found unchanged 
m the urine 5-Nitrouracil-4-carbo\ylic acid, however, did not reappear in 
the urine Steudel believes that it underwent a complete decomposition 
in the organism, although he does not consider the possibility of the non- 
absorption from the alimentary tract and does not report any analyses of 


4 Curci Cited by Lusini Ann di chim e di farmacol , xm, pp 145-100, 

1895, from Chem Centralbl , 1895, l, p 1074 

6 This property was described by Kowalewshy Centralbl f d med IFis- 
sensch , xxv, pp 1-3, 17-18, 1887 

« Steudel Zeitschr f physiol Chem , xxxn, pp 285-290, 1901 

7 Behrend and Roosen Ann d Chem , cell, pp 235-256, 1889 
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the feces Of the following pyrimidines none was recovered in the unne 
after feeding, nor was nnj difficultlj soluble condensation product detected 
isobarbitunc acid, isodialunc acid, thymine and uracil This author points 
out the striking difference m behavior between thymine (5-methj 1-2,6- 
dioxypynmidine) and 4-meth} luracil Structurallj the} differ only in the 
position of the methyl group but the former is broken down in the bod} 
while the latter is not If, however, a mtro group is substituted for the 
rneth} 1 in thymine the ph} siological character of the pyrimidine is reversed , 
for it now passes unchanged through the kidney 
Although a purine synthesis could not be demonstrated, Steudel deter- 
mined to extend his experiments with other pyrimidines, namel} , 2,4-di- 

HN— CO 
1 1 

iunino-6-oxyp} nmidme, HjN — C CH and 2,4,5-triamino-6-oxypy- 

B I 

X — C — XH; 


HN— -CO 
1 1 

rimidme, HjNC C — NHs which Traube 8 had obtained as intermediate 
1 J 

N— C— -NHs 

products m his s} nthesis of guamne Both were administered as the sul- 
phates m 1-gram dose in the manner above described Both were reported 
to be toxic, which was surprising inasmuch as none of the other compounds 
had been accompanied b} any untoward symptoms Feeding of the 2, 
4-diammopynmidine was followed b} \ oraiting and the tnammo compound 
provoked equally serious disturbances About an hour after the substance 
was taken, there occurred attempts at vomiting without any vomitus being 
ejected The animal had no appetite and la} on one side almost all da} 
The unne contained protein, hyaline cylmdroids and the unchanged tn- 
ammo compound The last was recovered as the sulphate and identified 
b} the violet color produced by saturating it with ammonia B} subcu- 
taneous injections the lethal dose for rats was determined as 0 2 gram for 
2,4-<hamino-6-oxypynmidine sulphate and 0 1 gram for 2,4,5-tnammo-6- 
oxypynmidine sulphate Autopsy of the rats poisoned with the diamino 
substance revealed nothing characteristic, but the kidneys of the animals 
which had received the tnammo compound contained numerous concre- 
tions and resembled microscopically the kidneys of dogs poisoned with 
adenine * 


From these results, Steudel concluded that the attachment of ammo groups 
to the pyrimidine ring transforms harmless, indifferent substances into 
poisonous ones The toxicity of adenine, 6-ammopunne, he regards as an 
analogous phenomenon in the punne senes He believes that an examina- 
tion of other ammo denvatives of the pynnudine and punne compounds 
will prove the universality of this law No analyses of the two amino- 


* Traube Ber d deulsch chem Gesdlsch , xxxrn, pp 1371-1383, 1900 
’ Minkowski Arch / exp Path u Pkarm , xli, pp 375-420, 1898 
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pyrimidines fed are presented by Steudel, nor are any data as to their solu- 
bility given 

In a later contribution Steudel 10 reported the investigation of other mem 
bers of this series Pseudo-uric acid and isouric acid did not result in a 
purine synthesis although both have been transformed into unc ncidmnlro 
A similar result uas obtained when hydrouracil was fed 2-Thio-4-methjl- 
uracil, like 4-methylurncil described above, was quickly excreted in the 
urine 2-Amino-4-methyluracil, which differs from thiomethyluracil onlj 
in the substitution of an ammo group for sulphur m the 2-position did not 
appear in the urine, nor was any other characteristic product found Steu- 
del concludes that none of the pyrimidines used by him are adapted to a 
synthesis of purine compounds m the dog 
The pharmacological action of some pyrimidines was studied by Fischer 
and von Menng 11 with interesting results They discovered that certain 
alkyl derivatives possess an action similar to that of sulphonal The latter, 
dietliylsulplione-dimethylmethane, is rich in alkyl groups, and ft was the 
idea of these authors to experiment with other alkyl organic compounds, 
many of which Fischer had synthesized, in the hope of ascertaining the 
essential or most effective groupings for hypnotic action Of especial inter- 
est are the cyclic compounds employed, which are derivatives of barbituric 
acid and of malonyl guanidine It was found that the 5-monoalkyl deriva- 
tives of barbituric acid have no hypnotic action, nor has the 5, 5-dimethjl 
derivative, but when both hydrogen atoms in the 5 position are replaced 
by alkyl groups, at least one being higher than methyl, the compound 
acquires sleep-producing powers This reaches its maximum in 5, 5-dipro- 
pylbarbitunc acid Some of the compounds studied proved toxic, for 
example, substitution of the H m the 1 position by CHa or of the 0 in the 
2 position by S transformed 5,5-diethylbarbitunc acid into a toxic com- 
pound However, 5,5-dipropylmalonyl guanidine, HN — CO ns 

I I /Cifr 

HN = C C< 

| | n c 3 h 7 

HN — CO 

well as diethylmalonunc acid, HoN COOH had no pharmacological 

| j /C 2 H b 
OC C<( 

| | NOoHb 

HN— CO 

effect 

5, 5-Diethylbarbitunc acid, HN — CO haB been used mdclj in 

( | /Q-Hb 

OC C< 

I Ixy: 

HN— CO 


;Hs 


10 Steudel Zeitschr f physiol Chem , xxxix, pp 136-142, 1903 

11 Fischer and von Menng Therapie der Gegenwarl, N F , x r , pp 97-101, 
1903 
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medicine as an hypnotic under the name “veronal,” its sodium salt as 
"medinal,” and the dipropyl compound to a less extent as "proponal ” 
Fischer and von Menng 12 have found that most of the veronal is excreted 
from the body unchanged Recently P Fischer and Hoppe, 13 Bachem," 
Grober, 15 and Jacobj 18 have added many new facts to the literature of 
veronal 

Wolf 17 injected uracil, thymine, and cytosine m 10 to 50 mgs doses into 
the circulation of cats, but observed no effect upon arterial pressure, intesti- 
nal v olume, respiration, or rate of blood-clotting Swpet and Levene" fed 
thymine to a dog with an Ech’s fistula (on the basis of Steudel’s contention 
that thymine is destroyed by the normal dog) A marked diuresis resulted 
and thymine was found in the urine m considerable amount This is inter- 
esting w view of the close relationship between this methylated pyrimidine 
and the methyl substituted xanthines theophylline, theobromine, and 
caffeine which are also diuretics 

Mendel and Myers 15 have however recently shown that thymine is not 
completely destroy ed normally by the dog, nor is uracil nor cytosine Diure- 
sis was not observed bv them after the administration of thymine The 
output of punnes, creatinine and urea + ammonia was not influenced by 
administering any of these to rabbits, dogs or men. Is one of the compounds 
had any tnatLed pharmacological effects This is especially interesting 
because cytosine is an ammo-pyrimidine, closely related to the compound 
alleged by Steudel to be toxic 

EXPERIMENTAL PART 20 

Dogs, rabbits, and guinea pigs were used in the physiological 
studies The dogs were not cathetenzed, as the time relations 
were not of interest, but m the case of rabbits the unne was 
removed by artificial means in some experiments The dogs' food 
alw ays was mixed with bone so that the feces became firm and did 
not contaminate the unne For the same reason the rabbits and 
guinea pigs were given some gram m addition to carrots The 
compounds were administered subcutaneously, jntrapentoneally, 
or by mouth 

13 Fischer and von Menng Therapie der Gegenwart, April, 1901 
13 P Fischer and Hoppe Munchener med Wochenschr , 1909, p 1429 
“ Bachem Arch f exp Path u Pkarm , Lxm, p 228, 1910 
ls Grober Biochem Zetlschr , xxn, p 1, 1911 
“ Jacobj Arch f exp Path u Pharm , Lxvi, p 241, 1911 
17 Wolf Journ of Phystol , xxxu, pp 171-174, 1905 
"Sweet and Lev ene Journ of Exp Med , ix, pp 229-239 1907 
"Mendel and Myers Amer Journ of Phy.no! , xxvi, pp 77-105, 1910 
0 The experimental data m this paper are taken from the writer’s dis- 
sertation for the degree of Doctor of Philosophv, Yale University, 1909 



448 Action of Certain Pyrimidines 

\ 

The substances used were barbituric acid and its amin o-denv- 
atives 


HN— CO 

I i 

oc ch 2 
I I 

HN— CO 


Barbituric acid 
(Malonyl urea) 


HN— CO 

I I 

HN = C CH 2 

I I 

HN— CO 
Malonyl guanidine 


HN— CO 

I ( 

HN = C GHNHs 

I I 

HN— CO 
5-AminomaIonvI 
guanidine 


HN— CO 

I I 

H 2 NC ch 



N — CNH 2 
2, 4-Diamino-6-oxy- 
pyrimidine 


HN— CO 

I I 

H 2 NC CNH 2 



N — CNH 2 

2, 4, 5-Triammo-6-o\y- 
pynmidme 


Barbituric Acid 

Barbituric acid was made essentially according to Michael’s" 1 
method, the principle of which consists m condensing urea with 
diethylmalonate m the presence of sodium ethylate The yield 
represented 71 per cent of the theoretical and the acid obtained 
gave the following results on analysis (Kjeldahl-Gunmng method) 

Calculated for 
CiHiNjOj 

N 21 87 


Barbituric acid crystallizes in two forms, the anhydrous as 
needles, and the hydrated as rhombic prisms It is slightly soluble 
m water A rough solubility determination showed that a 2 68 
per cent solution can be prepared at 40 to 43° 

Efforts to obtain a method for estimating barbituric acid quanti- 
tatively m unne were unsuccessful, although a qualitative color 
test afforded a means of getting rough values colonmetncally 
The difficulty lies m the fact that many of the properties of bar- 
bituric acid are possessed also by hippunc acid As the latter 

!l Michael Journ f prakt Chem , (2), xxxv, pp 449-459, 1887 
« These two analyses were made several months later 


Found 

21 87 
21 65” 
21 53 K 
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occurs constantly in all ordinary unnes, and in considerable amount 
m the urrne of herbivora, it proved an effective bar Both com- 
pounds are precipitated by mercuric sulphate and by silver nitrate, 
both are soluble in ethyl acetate and amyl alcohol, and insoluble 
in ligroin, petroleum ether and benzene The color reaction referred 
to is based on Baeyer’s 23 observation that mtroso-barbitunc acid, 
m the presence of ferrous acetate, yields a deep prussian blue color 
The directions for this test are as follows 3 cc of unne are treated 
with three drops of 2 per cent sodium nitrite solution, about 0 5 cc 
of 10 per cent sulphuric acid is added and the solution is now made 
alkaline with sodium carbonate solution, on addition of one or two 
drops of strong ferrous sulphate solution a beautiful blue appears m 
thepresenceof barbituric acid When the expression “NaNO-FeSO* 
reaction” is employed hereafter it will be understood that this test 
is meant Other members of this senes give this reaction but thy- 
mine, cytosine and uracil do not 21 Since unne frequently assumes 
a deeper color when subjected to this treatment, a direct colon- 
metnc estimation was not attempted but a crude method was 
worked out, in which the greatest dilution allowing a positive test 
was considered the standard It was thus found that a 0 0023 
per cent solution of-barbitunc acid m water is the limit for this 
test, and hence the standard for companson 

Barbitunc acid is precipitated by mercunc sulphate solution 
It gives Jaffa’s reaction as applied to creatinine A red color 
results when feme chlonde solution is added to barbituric acid 

The sodium salt was made by dissolving the acid m the amount 
of NaOH calculated to form the disodium salt, concentrating and 
allowing the salt to crystallize Needle crystals were obtained, 
but that they were probably a mixture of the mono- and disodium 
salts is eyident from the nitrogen determination 

51 Baej er Ann d Chem u Pharm , cxxvu, pp 199-236, 1S63 

11 None of the compounds of the barbitunc acid senes gn e the character- 
istic reactions of uracil, thvmine or cytosine For example, if thymine m 
substance be treated with diazobeu .mlphomc acid a reddish purple color 
results, tested m the same way bar y uric acid gnes-a red, malonxl guani- 
dine and cj nnncetvlguamdme a deep orange and the others a j ellow or green 
color When uracil or cytosine is dissoh ed in about 5 cc of water, bromine 
«ater added in slight excess and the solution boiled, a deep purple precip- 
itate results on the addition of barj ta water None of the barbitunc acid 
series studied gr. es this test 
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Calculated for Calculated for 
CiHjNiOiNaj CtHiNiOiNa Found 

N 16 28 18 66 17 5S 

As illustrations of the general method employed m the animal 
experiments two typical protocols will first be given 

Experiment 1 A rabbit weighing 2 kg was given 0 519 gram barbituric 
acid in about 25 cc of water at 40°, hypodermically The urines of the next 
two days were precipitated with mercuric sulphate, the precipitate decom- 
posed with hydrogen sulphide and, after removing the mercuric sulphide, 
the colorimetric determination made The amount excreted was estimated 
at 0 026 gram 

No hypnotic or toxic action was exerted by the compound Its acidic 
character, however, made it harmful to the tissues at the point of injection, 
this caused an opening in the body wall which led to the death of the animal 
seven days after the injection 

Experiment 17 0 64 gram of sodium barbiturate in 45 cc water contain- 
ing 0 1 cc tj NaOH at 38° were injected mtrapentoneally into a rabbit 
weighing 1 6 kg Diarrhea resulted m about two hours and this condition 
persisted for five days The urines of the first two days gave positive 
NaNCb-FeSCb tests and these corresponded to 0 04 gram of barbituric acid 

These as well as other experiments with barbituric acid are tabulated 
on the opposite page 

From this table it is seen that the fatal termination of Experi- 
ments 1 and 3 must be ascribed to the acidic properties of barbi- 
turic acid, for when larger amounts of the sodium salt were given 
as m Experiments 12 and 17 no toxic effects resulted The only 
physiological effect, which may be ascribed to its structure, is its 
diarrheal action , but a greater number of experiments need to be 
done to settle this point In this connection it is interesting to 
recall the fact, noted above, that Koehne 25 observed a mild diar- 
rhea after feeding alloxan and alioxantme Again, the fact that 
barbituric acid has no hypnotic action harmomzes with Fischer 
and von Mermg’s 26 experiments on substituted barbituric acids, 
m which, as detailed above, they found that the lower the substi- 
tuted alkyl groups, the less hypnotic the influence possessed by 
the complex In barbituric acid, the lowest degree is reached and 
no hypnotic action is observed 


16 Koehne Inaugural Dissertation, Rostock, 1894 

:s Fischer and von Menng Therapie der Gegcnwarl, v, pp 97-101, 1903 
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TABLE I 

Animal Experiments Barbituric Acid ( Malonyl urea ) 


! I 

Aiioran oiyxm 


VClfDtR AND ’ 
ANIMAL 

WEIGHT, 

| Total 

i 

Per 

kilo- 

cram 


ks | from 

pr cm 

(1) Rabbit 

\ 2 0 1 0 52 

I 1 

I ' ^ 

0 26 

(2) Rabbit 

l 

1 2 1 0 32 

0 15 

(3) Rabbit 

i 

i 2 2 0 5S 

! 0 24 



5 Subcutaneously 


(4) Rabbit ! 1 9 0 2 


0 10 ' Intraperitoneally 


(6) Rabbit 

(12) Guinea 
P‘B 


19| 0 6 0 3 Per 'os 


0 5 0 3)0 6 Subcutaneously 


(17) Rabbit > 1 6 0 64 . 0 4 Intraperitoneally 


REMAKES ASD EXStJI.’ra 


Not toxic except for 
necrosis at point 
of injection, which 
caused death seven 
days later Some 
excreted 

j Not toxic Excret- 
1 ed about one-third 

! C) 

‘ Death m three day s 
I Diarrhea at first 
Diminished flow of 
j urme (28 cc in two 
j days) containing 
j 0 09 gTam (?) Au- 
topsy revealed fib- 
| rmous adhesions m 
peritoneal cavity 

Recrystallized prep- 
aration used Not 
toxic Under ob- 
servation fifty -six 
days 

Marked diarrhea 
Excreted about 
m unne 

Na salt used Not 
toxic Excreted 
0 01 gram (?) 

Na salt used Ex- 
creted about 0 04 
j gram ( 7 ) Diar- 

1 rhea for five days 

j otherwise not tox- 

| ic Under obser- 

vation thirty -one 
days 
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Malonyl Guanidine 

In synthesizing malonyl guanidine Michael’s 27 procedure nas 
essentially followed The pyrimidine was obtained m the form of 
its sodium salt which was dissolved m water and dilute NaOH,and 
the free pyrimidine precipitated with acetic acid Malonyl guani- 
dine crystalhzed in fine white needles wnich, after drying in a 
desiccator, were analyzed for nitrogen 

Calculated for 

C<H 6 N* 0 2 4 -Hj 0 CiHiNiOj Found 

N 28 96 33 07 32 05 

31 91 

The low nitrogen values are probably due to incomplete remo\ nl 
of the water of crystallization by simple desiccation Inasmuch 
as the analysis was fairly close and the preparation was pure white 
no further purification was attempted It was only slightly solu- 
ble in water At 40 to 43° a 0 049 per cent solution was the strong- 
est obtainable This, of course, renders malonyl guanidine itself 
unsuitable for injection experiments and the sodium salt was 
accordingly used In preparing this, the pyrimidine was dissolved 
in NaOH, as little in excess of the calculated amount as vould 
bring about solution being used On concentration, fine pale pink 
needles crystalhzed out From the analyses, which follow, this 
salt must contain four molecules of water of crystallization nhich 
are lost m the desiccator very slowly 



Calculated for 

Found 


C.H«NaN»0 2 +4H 0 

(air drj) 

N 

19 00 

18 77 


Calculated for 

Found 


CtHtNaNiO, 

(desiccated) 

N 

28 19 

25 31 


A method for recovering malonyl guanidine from urine is at 
once suggested by the slight solubility of the free substance 
However, if urine is acidified and allowed to stand, uric acid 
and, if concentrated sufficiently, hippunc acid will also crystallize 
out The NaNCh-FeSCh reaction described above for barbituric 
acid is also applicable to malonyl guanidine The limit for this 
test in urine is 0 004 per cent Another mode of estimation bj 
means of this color reaction was tried as follows 0 002 gram in 

27 Michael Journ f praki Chcm , \lix, pp 26-43, 1894 
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3 cc water was converted to the prussian blue compound and dilu- 
tions made until the blue was no longer distinctly discernible in 
a 100 cc cylinder The concentration just above this was con- 
sidered the standard By such a rough method it was found that 
a distinct blue can be seen when there is an amount corresponding 
to 0 0004 per cent present 

Sodium malonyl guanidine is not precipitated by ammomacal 
silver nitrate solution, but is precipitated quantitatively by mer- 
curic sulphate solution With picnc acid and alkali a red color is 
formed as in Jaffa’s test for creatinine 

From the animal experiments (see Table H) it is seen that mal- 
onyl guanidine is non-toxic, at least m the doses for the animals 
used The failure to detect the substance or a related compound 
m the urine of Experiment 5 may be due to the small amount 
injected 

table n. 


Animal Experiments Malonyl Guanidine 


number and 

ANIMAL 


AMOUNT GIVEN 

MODE or 

ADMINISTRATION 

t 


WEIGHT 

Total 

Per 
, kilo- 
gram 

REMAKES AND RESUt-TS 



pram 

| pram 



(5) Rabbit 

2 2 

| 0 09 

I 0 Oi 

i 

| Subcutaneously 

| Sodium salt used 
No effects Not 
detected in unne 

(9) Rabbit 

1 I 9 

i 

i 

0 41 

0 21 

Subcutaneously 

Sodium salt used 

No effects De- 
tected m urine 

(26) Rabbit 

2 1 

0 22 

' 

0 10 

j Subcutaneously 

Sodium salt used 
Mild diarrhea, no 
other effects All 
(’) excreted m 
unne 

(24) Dog 

10 i 

21 I 

0 21 | 

Per os 

1 

Free malonjl guani- 
dine used Some 
absorbed and ex- 
creted m unne 

No toxic effects 
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5-Aminomalonyl Guanidine 

This compound is quite difficult to obtain m good yield as it 
decomposes very easily The most advantageous method was 
found to be a modification of one described by Traube - 3 m nbich 
the sulphate of this compound can be prepared directly from mal- 
onyl guamdme The directions of Traube were followed as far 
as the formation of 5-ammomaIonyl guanidine sulphate by reduc- 
tion with H 2 S, but instead of extracting this salt with hot vater, 
the sulphur was removed by means of CS 2 and the sulphate con- 
verted into the hydrochloride by treatment with BaCl 2 Traube’s 
suggestion of adding alcohol to induce crystallization was not found 
to be advantageous since the erj^stals, when finally obtained, had 
a pink tinge Consequently, the fluid was concentrated under 
diminished pressure and allowed to crystallize Light yellow ros- 
ettes of needles formed very slowly 

Analysis of this preparation (A) by the Rjeldahl-Gunnmg method 
showed that, m spite of the tmge of yellow color, the salt was quite 
pure Another preparation (B) made by the same method gave 
a higher nitrogen percentage 



Calculated for 
(CtHeXtO )HC1+H 0 

Tound 


fA desiccated 

28 55 


28 57 <A desiccated 

2S OS 


[B air-dry 

29 41 

Its solution, which 

is acid to litmus, very quickly turns red, owing 


undoubtedly to a shght oxidation It stains the tissues red and 
has a faint disagreeable odor Boiling with NH 4 OH yields a solu- 
tion colored like potassium permanganate and this changes to dark 
blue on addition of KOH It will give the NaNCb-FeSCh reaction, 
but not readily or brilliantly The Jaffd color reaction for creatin- 
ine is not given by this salt It is precipitated both by ammoni- 
acal silver mtrate and mercuric sulphate, but as very little can be 
injected into an animal and as it was found to be toxic no attempt 
was made to isolate it from urme 

The toxicity of this compound is shown in tire following illus- 
trative protocols and the accompanying table (Table III) vhicb 
summarizes all the experiments The hydrochloride was used in 
each case 

58 Traube Ber d deulsck chem Gesellsch , xxvi, pp 2551-2558, 1893 
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Experiment 7 November SO 3 10 p m A rabbit weighing 1 4 kg was 
gn en subcutaneouslj 0 37 gram in 35 cc water 

320pm Has defecated very soft stools Moves around restlesslj 
4 15 pm, 450 pm Apparentlj well 

December 1 8 45 a m Rabbit found dead Autopsj kidneys are very 

light colored, intestines intensely reddened, liver, light brown, large 
amount of bloodj fluid in peritoneal cavitj 

Experiment 23 March 11 11-00 am A guinea pig weighing 450 grams 

was given 0 036 gram of the salt in about 10 cc water subcutaneouslj 
March IS 2 15 p m Has eaten 60 grams carrots and 9 grams oats 
Urine, 64 cc , alkaline , specific gravitj , 1 017, alb umin present, but no casts 
March IS 2 40 p m Has eaten 70 grams carrots and 3 grams oats 
Urine, 43 cc , alkaline, specific gravitj, 1 024, large amount of albumin, 
granular, granular partlj hyaline, and cellular casts found, NaNOj-FeSO< 
test negative 

March 14 2 .35 p m Has eaten 85 grams carrots and 4 grams oats Unne 

30 cc , alkaline, albumin present, casts 

March IB 2 50pm Has eaten 93 grams carrots and 3 grams oats Unne 
57 cc , alkaline, specific gravitj, 1 021, albumin, casts 

March 16 8 40 a m Animal appears well Weight 390 grams The 

animal dailj ate more food until March 20, when the usual amount (150 
grams carrots and 15 grams oats) was entirelj consumed On March 18, 
its weight had dropped to 360 gram but then rose to 440 grams on March 24 
The unne still contained a trace of albumin On Apnl 3 — twenty-three 
dajs after the injection — the animal was still living 3nd apparently well 
Experiment 22 March 11 4 -00 pm A female rabbit weighing 2 44 kg 

was gn en a subcutaneous injection of 0 19 gram m about 40 cc water 
March 18 900 am Stools partlj diarrheal 2 15pm No unne Has 

eaten 145 grams carrots but no oats 

March IS 2 40 p m No unne Has eaten 130 grams carrots but no 
oats 

March 14 11 OO a m No unne no feces Has eaten 85 grams carrots 

and 8 grams oats 

March 15 2 50 p m Has eaten 46 grams carrots but no oats Unne, 

163 cc , alkaline, specific gravity, 1 013, NaNOr-FeSCh test negative, albu- 
min and granular casts present, slight reduction of alkaline copper solu- 
tion (after removing albumin) 

March 16 8 40 a m Has eaten 35 grams carrots Animal is verj weak, 

breathes slowly and can not hold its head up 

1005 a m Breathes more quickly but head is on floor of the cage 
11 .50 a m Still breathing, extremely weak 

2 10 p m Found dead Unne, 52 cc , alkabne, specific gravitj , 1 010 
albumin and casts present, reduction positive 

Avlopsy Weight 2 26 kg All viscera hyperemic, blood of liver does 
not clotreadilj, kidneys edematous, bladder empty, animal is quite fat 
Sections of tissues preserved 
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TABLE III 


Animal Experiments 5-Aminomalonyl guanidine 


NUMBER AND 
ANIMAL 


1 AMOUNT GHEN 

I 

MODE OF 
ADMINISTRATION 


WEIGHT 

j Total 

Per 

kilo- 

gram 

REMARKS AND RESULTS 

(7) Rabbit 

b 

1 4 

1 gram 

1 0 37 

gram 

0 26 

Subcutaneously 

Fatal in less than 

(22) Rabbit 

2 4 

! 

0 19 

0 OS 

Subcutaneously 

eighteen hours 
Albumimunn, casts, 

(8) Rabbit 

2 6 

| 0 11 

0 04 

Subcutaneously 

glycosuria Death 
in five dajs 
Fifty-three cubic 

(10) Guinea 

0 41 

0 05 

0 12 

Subcutaneously 

centimeters urine 
m first fortj -eight 
hours Albumi 
nuria until fourth 
day No glyco- 
suria Recover} 
Albuminuria Death 

Pig 

(27) Guinea 
Pig 

1 

0 54 

0 061 

0 11 

Subcutaneously 

| in four da} s Au- 

1 topsy organs ap- 

pear normal Blood 
does not clot read- 
ily 

Not fed on day of 
injection Albu- 

! 

i 

» 

i 

(25) Guinea 1 
Pig 

i 

; 

j 

0 54 

! ' 

0 048 

0 09 

1 

1 

1 

1 

1 

Subcutaneously J 

mmurin mucus 
cylindroid seen 
Fatal in less than 
two days Autop- 
sy one fetus pres- 
ent, large amount 
of bloody subcu- 
taneous effusion 
Kidneys seem con- 
tracted 

Albuminuria for at 
least seven da}S, 

(23) Guinea 
Pig 

0 45 

0 036' 

1 

0 08 

Subcutaneously j 

i 

casts and lcucoc}- 
tes in urine, rccoi- 
ery, under obser- 
vation twelve days 
Albuminuria, casts, 
recovery 
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TABLE 111 — Continued 


'TUMBEB AND 
ANHUI- 


AlfOCKT GIVEN | 

MODE or 

ADMiVtSTB VTION j 


WEIGHT 

Total 

Per 

kilo- 

gram 

REMAKES and results 


kg 

gram 

gram 



(20) Rabbit 

(21) Guinea 

1 7 

0 is 

0 10 

Per os 

No symptoms, no 
albuminuria Un- 
der observation 
eighteen days 

No symptoms, no 

Pig 

0 52 

0 (H 

0 08 

] 

1 

Per os 

! 

albuminuria Un- 
der observation 
thirty days 


Flora these results it appears that a lethal subcutaneous dose 
/or rabbits is 0 08 gram per kg and for guinea pigs 0 11 gram per 
kg It is also evident that when the compound is fed it is not 
toxic In Experiment 20, the unne was repeatedly examined for 
substances giving the NaNCh-FeSOi test but with negative results 
The feces, however, in both Experiments 20 and 21 were tmged 
with pink at times Probably not enough of the compound is 
absorbed from the alimentary tract at one time to prove toxic, it 
may he mentioned, however, that the hydrochloride is fairly solu- 
ble That the compound acts mainly on the kidneys is evident 
from the protocols and the table, but substantiating evidence is 
given by the histological examination, made by Professor H Gideon 
Wells to whom I am greatly indebted for the following report 

Experiment 22 Rabbit Kidney Shows extensive necrosis of the con- 
voluted tubules, perhaps one-fourth of the tubules seen m section showing 
total necrosis of the epithelium The necrotic epithelium desquamates 
into the lumen of the tubule which it fills up, and all stages of transition 
from masses of necrotic epithelium to granular and hyaline casts which pack 
the collecting tubules can readily be made out These casts, being very 
abundant and staining intensely with eosin, give the sections a striking 
appearance The tubular epithelium where not necrotic is strikingly little 
altered, some tendency to vacuolization of the cytoplasm being the chief 
abnormality noted Glomerules congested, swollen, and in some a little 
granular material and occasional red corpuscles free in the space outside 
me tuft, m general the glomerules show relatively little change There 
is an occasional small area of interstitial hemorrhage To summarize, the 
p ison has caused a marked necrosis of the epithelium of the convoluted 
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tubules, but without affecting other renal structures to anj considerable 
degree 

Liver No definite changes except the accumulation of masses of j ellow- 
lsh brown pigment in many of the stellate cells 

Spleen Some of the endothelial cells of the splenic sinuses contain 
brownish pigment, otherwise no change The pigmentation of the liver and 
spleen suggests a hemolytic action by the poison 

Experiment 27 — Guinea Pig Kidney Shows the same necrosis of the 
secretory epithelium of the tubules and the same formation of casts as 
described in Rabbit 22, but very much less marked, only occasional tubules 
showing the lesion 

Liver No pigmentation or other distinct changes 

Spleen Much more pigment than in Rabbit 22 No other changes 

Adrenal No changes 

Experiment 10 — Guinea Pig Kidney Granular and hyaline casts are 
very abundant and conspicuous, although there are fewer tubules shoving 
necrosis than in either of the other specimens When found it is typical, 
exactly the same in appearance as m 22 and 27 The casts much more often 
show desquamated epithelial cells within them Marked congestion, but 
no other changes The constancy of the finding of necrotic tubular epithe- 
lium m all three kidneys is conclusive evidence that this is a specific effect 
of the poison given 

Liver No distinct alterations 


2,4-Diamino-6-oxypymmdine 


Both 2,4-diammo-6-o\ypynmidine and its precursor, cyana- 
cetylguamdme, were used in the experiments on animals They 
were made by Traube’s 29 method with some modifications Guani- 
dine hydrochloride, according to this procedure, is condensed with 
cyanethylacetate forming, m part, the pyrimidine, but mainly 
cyanacetylguamdme, which is easily converted into the pyrimi- 
dine by alkali 


H 2 N COOC 2 H s 

I ! 

HN - C +- CH 2 

I I 

h 2 n cn 


HN — CO HN— CO 

II M 

HNC CH 2 » H 2 NC CH- 

II IM 

H 2 N CN N — CNB 


The yield of cyanacetylguamdme was 35 8 per cent of the theo- 
retical, if this were the sole end-product The mother-hquor was 
of a dark red color and on concentration yielded a large amount 

23 Traube Ber d deulsch chem Gesellsch , \x\m, pp 1371-13S3, 1900 
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of material which is as used m the preparation of the pyrimidine 
The first crop was recrystalhzed from hot water, pulverized and 
desiccated To determine whether the substance obtained was 
cjanacetjlguamdine or the pyrimidine, advantage was taken of 
the fact that the latter crystallizes with one molecule of water of 
crystallization while the former is wdter-free 

Calculated for 

(C<HiN«0}+HiO C«H*N»0 Found 

HjO 12 5 0 0 1 2 

This preparation was consequently cyanacetylguamdine with 
ierj little, if any, pyrimidine admixture Nitrogen determina- 
tions by the Kjeldahl-Gunning method gave low figures, perhaps 
because some HCN may have been formed and lost or because of 
a \ ery slight admixture of the pynmidme 

Calculated for 
C<H«NiO Found 

N 44 44 41 99 

41 96 

A much better yield is obtained by using guanidine sulphocy- 
anide m place of the hydrochloride, as the mother liquor in this 
case is not as dark colored and may be evaporated to dryness 
without much loss of material In this modification, when used 
as a step in the preparation of the pynmidme, it is not necessary 
to remove the NaSCN formed until the 2,4-diammo-6-oxypy- 
nmidme is precipitated as the sulphate, since the latter can be 
washed free from inorganic salts with water 
Cyanacetylguamdine is quite soluble in water — a 2 5 per cent 
solution being easily maintained at 40° — and is suitable for injec- 
tion Cyanacetylguamdine forms a rose red lsomtroso compound 
(or is converted into the isomtroso denvative of 2,4-diammo-6- 
oyjpynmidme) on adding NaNO* and H ; SCh to its solution, as 
this is quite insoluble it may be isolated from the unne Accord- 
mg to Traube the isomtroso compound has an intense yellow or 
Yellowish green color, however, with our preparation the brilliant 
red compound formed first and did not become yellow until addi- 
tional acid was used The color test with NaNO : and FeSO< as 
escribed above is also positive for cyanacetylguamdine 
For the transformation of cyanacetylguamdine into its isomer, 
’ 1 *Nnino-6-oxypynnndme, it was put into boiling 2-5 per cent 

TEE or dOLQGICM, CHXU15TBT TOLU NO 5 
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NaOH, animal charcoal added, boiled a few minutes, and filtered 
into a beaker placed m an ice-bath As some NH 3 is split off by 
boiling with alkali m this way, the operation must necessarily be 
performed quickly The solution was now made weakly acid with 
H 2 SO 4 and white or yellowish needle-like crystals of the sulphate of 
the pyrimidine appeared When recrystalhzed from hot water 
large silky, grayish needles were obtained and these were again 
recrystalhzed from water in the presence of dilute H 2 SO 4 and some 
charcoal, the crystals resulting were of a light yellow, almost 
white color 

According to Traube the sulphate, when recrystalhzed from 
water, contains one molecule of water of crystallization which is 
not driven off at 100°. Its composition is (C 4 H 6 N 4 0 2 ) H 2 S(b+ 
H 2 0 Our preparation agreed m its nitrogen content with this 
formula, as the following analyses indicate 

Calculated for 

(C«H.N.O), HiSOi+HiO Pound 
N 30 43 30 42 

30 27 

This salt is sparingly soluble in water A rough solubility de- 
termination showed that at 43° a greater concentration than 0 49 
per cent could not be maintained and at a sbghtly lower tempera- 
ture much of the substance instantly crystallized out An aqueous 
solution gives a positive NaNOj-FeSCh test 

Because of the poor solubility no injection experiments were 
performed However, Steudel’s 30 experiment, in which he reports 
this compound toxic when fed to a dog, was repeated in exactly 
the same manner and with the same relative dosage 

Experiment 15 February 15 10 20 a m Bitch weighing 9 C kg fed 

180 grams chopped meat with bone meal, to which was added 1 55 grams of 
the sulphate of the pyrimidine 

10.20 to 11 40 am Under observation almost continually The animal, 
which has always been playful, shows no unusual behavior, but is appar- 
ently normal 

2 00pm Animal still lively 

2 15 p m Ate some meat and drank water No nausea observed 

5 10 to 5 20 p m Animal well 

February 16 9 00 am Fed meat, cracker and bone meal Urine, 1<0 

cc , specific gravity, 1 055, acid, no albumin On adding NaNO, and H»SO> 


so Steudel Zeitschr f physiol Chem , xxxn, pp 285-290, 1901 
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a rose-colored precipitate appeared which was filtered off and washed with 
hot water, alcohol and ether For the total volume of unne this would have 
amounted to 1 17 grams It was dissolved m KOH, reprecipitated by HCl, 
filtered etc and analyzed by the Kjeldahl-Guntung method (for nitrates) 

Calculated for tsonltroeo 
derivative of 

2 4-dlamlno-6-ox7- mon&mlno-dloiy- 
pyrtmtdlne pyrimidine 

(=CiH»NiOJ (=.CiHiN<Od Pound 

N 45 16 35 S9 39 25 

39 56 

Feeding suspensions of the salt to a guinea pig and to a rabbit gave simi- 
lar non-toxic results (see Table IV) The sulphate, as in Steudel's investi- 
gation, was used in every case 


TABLE It 


Animal Experiments S,4-Dtamino-S-oxirpyrtmidine 


NUMBER AND 
ANIMAL 


ikUOTTST GIVEN 

j 

MANNER OF 
ADMXNTSTKATIOS 


WEIGHT 

Total i 

Per 

kilo- 

gram 

REMARKS AND RESEETS 


kq 

prom 

pram 

j 


05) Dog 

(18) Guinea 

9 6 

1 

1 55 

t 

0 16 

Per os 1 

i 

No toxic effect Large 
proportion excret- 
ed, deaminized (?) 

P'E 

0 16 

0 14 j 

I 

1 

0 87 

Per os 

Fed m saccharose 
suspension from 
pipette No symp- 
toms Under ob- 
servation seven 
days 

(19) Rabbit 

1 96 

0 51 ( 

1 

0 26 

Per os 

Given m suspen- 
sion in water No 
albuminuria Na- 
NOi — FeSOi test 
pos tive Unable to 
obtain an isomtro- 
so compound as in 
Experiment 15 


It is therefore evident that his pyrimidine is not toxic when given 
per os ns the sulphate Doses larger than those reported toxic by 
Steudel were without effect upon the rabbit and guinea pig as 
Experiments 18 and 19 indicate 
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2,4,5-Tnamino~6-oxypynmidine 

This pyrimidine was prepared according to Traube’s 31 directions 
and was isolated as the sulphate When crystallized quickly the 
salt appears as small rods or rectangular prisms but if allowed to 
crystallize slowly large needles are formed After desiccation, an 
analysis gave the following results 

Calculated for 

(C«HjNtO)H SOt+H-O Found 

N 27 24 27 87 

The solubility of this salt is about the same as that of the diamino 
compound, % e , it was found to be possible to obtain a 0 49 per cent 
solution at 43° In this case, however, the fluid became dark dur- 
ing the manipulation and, after drying, the residue was dark brown 
in color It is thus evident that some chemical change — a decom- 
position or oxidation — occurred and hence the determination can 
only be regarded as an evidence of the very slight solubility of 
the substance at low temperatures and of its instability, when 111 
solution, at a high temperature 

According to Traube, if an ammomacal solution of the sulphate 
be shaken so as to afford contact with the air the fluid assumes an 
intense violet color resembling permanganate solution This re- 
action, according to our experience, is better performed and with 
more uniform success, if a few milligrams of the substance are 
placed on a porcelain surface together with one or two drops of 
NH-tOH and evaporated to dryness on a water-bath, the violet 
tinge is here seen against the white surface In trying to dissolve 
some of the salt m 50 per cent alcohol it was discovered that 
although very little went into solution the latter became colored 
with this same violet tint This pjTimidme also resembles uric 
acid in two reactions, namely, the murexide and Schiff’s tests, the 
murexide test is given very brilliantly indeed Addition of bro- 
mine water to an aqueous solution was found to produce a deep 
reddish-purple color which vanished, leaving a yellow solution, 
when the bromine was in excess The NaNCb-FeSCh reaction is 
positive if the tnammo pyrimidine be first dissolved in boiling 
water, this is probably due to a trace of the diamino being formed 
by the action of the water as, theoretically, if the 5 position is 
occupied by an ammo group no isonitroso derivative can be formed 

31 Traube Ber d dmtsch chem Gescllsch , wan, pp 1371-13S3, 1000 
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In using this salt m physiological experiments we again obtamed 
results quite different from those reported by Steudel 

Expebutent 14 February 11 2 45 p m Bitch weighing 9 8 Lg (same 

animal as in Experiment 15) was given 1 58 grams of the sulphate of this 
pyr imi dine mixed with about 180 grams of chopped meat and some bone 
meal No unusual symptoms were noticed by 400 p m 

4.30, o'OO, 5.30 , 7 40 , 9 15pm , animal observed and was well and play- 
ful 

February 12 8 50 am Animal well Urine, 134 cc , dark orange-red 

in color, specific grant}, 1 049, acid, no albumin Some of the unne was 
made acid with H SO t and was concentrated to small volume HgSOi 
solution was added and the precipitate filtered off, a few crystals were found 
and, as they gave a nolet color on treatment with NH,OH and evaporation, 
were probably some tnamino-sulphate which had crystallized before adding 
the HgSOi The mercury precipitate was unfortunately lost through an 
accident 

4tX) p m Fed meat and bone 

February IS am Urine bght y ellow m color 

Relatively larger doses were fed in suspension to a rabbit and 
a guinea pig with similarly negative results, these are summed up 
in the following table (Table V) 

table v 


Animal Experiments 2, 4, S-lriamino-6-oxypyrimidine 



| 

AMOUNT GIVES 

MANNER or 
ADMINISTRATION | 

I 

I 

I 

ANIMAL 

WEIGHT 

l 

1 

Total , 

Per 

kilo- 

gram 

REMARKS AND RESULTS 


1 t-s 

I 

gram 

gram J 



(14) Dog 

' 9 S 

1 5S ' 

\ 

1 

0 16 1 

Per os 

i 

No toxic effect Some 
excreted (?) Urine 
red 

(13) Rabbit 

(10) Guinea 
Pig 

2 5 i 

0 2 j 

0 5 

1 

i 1 

i 

l 

i 

0 OS 

0 20 

Per os 

No toxic effect Sec- 
ond dose four days 
after first Urine 
red after second 
dose 

Fed, suspended m 
saccharose solu- 

(young) 

0 13 

0 13 

1 0 

Per os 

tion, from a pip- 
ette No toxic 
effects Unnecol- 
1 ored dark red 
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It is accordingly evident that even the triammo compound, 
which Steudel claims is the more toxic of the two, has no harmful 
influence upon the organism when administered by way of the 
mouth 

Cyanacetylguamdme 
HN— CO 
HN = C CH 2 


HoN CN 

The preparation and properties of cyanacetylguamdme are 
described above m the description of the process of making 2,4- 
diamino-6-oxypynmidine 

This compound was used because it is a precursor of the diammo 
and triammo pyrimidines just described and might readily be pres- 
ent as an impurity if these compounds were carelessly prepared In- 
asmuch as from the following experiments it is seen to be toxic 
after injection, a reason for the difference between our results and 
Steudel’s is thus suggested 

Experiment 28 March SO 12 30 m Injected subcutaneous! y, into 
guinea pig weighing 680 grams, 0 38 gram cyanacetylguamdme in 15 cc 
water 

4 00 p m Animal shows hypere\citabihty 

6 20 p m Still very excitable 

March SI 1 15 pm Apparently veil except for continued hyperexcit- 
ab!e state, which is not as great as on the previous day 

4 00 p m Has eaten 15 grams oats and 95 grams carrots during twent} - 
four hours Weight 668 grams Urine, 43 cc , alkaline, specific grant), 
1031, no albumin present, strong NaNO.-FeSCh test, upon addition of 
NaNOj in substance, and H;SO< a pink isonitroso derivative was obtained 
which amounted to 0 161 gram, if computed to total volume This vas 
analyzed vith the following results 

Calculated for 
CiHiN’iO ! ('= Isonitroso 

dcrlvntlvo of _ , 

cyanacetylguanldlnc) round 

N 45 16 36 47 

5 10pm Apparently veil 

A-pnl 1 400 p m Has eaten 15 grams oats and 105 grams carrots 

Weight, 664 grams Urine, 46 cc , alkaline, specific gravity, 1 030, no albu- 
min, NaNOs-FeSCh test positive 
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April S 400 p m Weight, 667 grams, Unne, 38 cc , NaNOr-FeSOi 
test negative 

Experiment 31 April S 11 45 a m Young guinea pig, weighing 191 
grams, gi\en 0 4 gram cyanacetylguamdine m 17 cc water by subcutan- 
eous injection 

12 15 m Apparently well 

2 10 p m Anim al found in violent spasms, especially the posterior parts 
of the body There is hyperexcit ability 

220 pm Head raised a little more and pig runs around some, pawing 
at its chin at intervals Twitchings continue 

4 I3p.m Violent convulsion, lies on its side and moves its limbs rapidly 

4 18 p m Animal gradually nghts itself and grips the side of the wire 
cage with its teeth Waves of convulsions, starting at the posterior part 
and running forward, occur 

422 p m Dies m the same position, body quickly in ngor The urine 
excreted, 2 cc , was found to contain no albumin but on addition of NaNOi 
and H SO< a pink precipitate appeared which after dissolving in Na 2 CO» 
and adding FeSO< produced the deep prussian blue color 

Experiment 30 March 31 255 pm A dog weighing 5 8 kg was fed 

100 grams chopped meat containing 0 94 gram cyanacetylguamdine 

3 10 to 320, 425 to 420 p.m Apparently no effects 

4 50 p.m Drank water, no nausea 

April 1 9 15aun Dog apparently well 3 -00 pm Fed meat, lard, bone 

and cracker meal Unne, 226 cc , acid, specific gravity, 1 025, no albumin, 
strong NaNO*-FeSOj test To an aliquot portion was added solid NaNOj 
and H-SO< and the reddish brown precipitate which amounted to 0 389 gram 
analyzed 

Calculated for 
C«H»NiOi f=»l3onltroso 
derivative of 

eyanacetylguanldlne) Found 

N 45 16 34 43 

April g 3-00 p m Dog well Unne, 138 cc , specific gravity, 1 032, 
acid, no albumin, strong NaNOj-FeSOt test No loss of appetite or other 
unfa\ orable symptoms 

April S 920 a m Dog well Weight, 5 6 kg Unne gives uncertain 
NaNOj-FeSO« test 

These and one other experiment are summarized m Table VI 
The low nitrogen -values found m Experiments 28 and 30 suggest 
the possibility of a deaminization of cyanacetylguamdine m the 
body' The substitution of O for NH in its isonitroso derivative 
would result in a compound containing 35 90 per cent of nitrogen, 
the figures found, 36 47 per cent and 34 43 per cent, correspond 
with this percentage 
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TABLE VI 


Animal Experiments Cyanacetylguamdine 


NUMBER AND 
ANIMAL 


AMOUNT GIVEN 

MANNER OP 
ADMINISTRATION" 


WEIGHT 

Total 

Per 

kilo- 

gram 

REMARKB AND RESULTS 

(28) Guinea 

kg 

gram 

gram 


Hyperexcitabihtv 

Pig 

(31) Guinea 

0 68 

0 38 

0 56 

Subcutaneously 

Excreted consider- 
able ns a denrain 
lzed (?) substance 
Hyperexcitabilitj 

Pig 

0 19 

0 40 

2 1 

Subcutaneously 

Violent convul- 
sions Fatal in 
four and three 
quarters hours 

(29) Dog 

8 4 

0 70 

0 08 

Per os 

No symptoms Urine 
gave positive Na- 
NOr-FeSO, test 
No albuminuria 

(30) Dog 

5 8 

0 94 

0 16 

Per os 

No harmful effect 
Considerable ex- 
creted as ndcnmin- 
ized(?) substance 


This toxic action agrees with the results of some unpublished 
trials by Mr J J Costello, who observed similar effects m Pro- 
fessor Mendel’s laboratory when the sulphate of this compound 
was subcutaneouly injected A few of his figures follow 


Dobo per kilogram 
of guinea pig 

0 92 
0 96 

0 96 

1 02 
2 26 


Results 

Hyperexcitability-recoverj 
Hyperexcitability for two days-recovcrj 
Death in sixteen hours 
Death in fourteen hours 
Death in three and one-half hours 


DISCUSSION 

In considering the physiological and pharmacological behavior 
of the members of this series the most striking fact is the toxicitj 
of 5-ammomalonyl guanidine with its chief effect upon the epithe- 
lium of the convoluted tubules Its harmlessness tv hen adminis- 
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tered per os may be due either to an absorption so slow as to allow 
of e limi nation before a toxic concentration is reached, or to a trans- 
formation — perhaps by deaminization into a non-toxic compound 
in the intestinal wall The toxicity after subcutaneous adminis- 
tration may possibly be attributable to some hydrolytic or oxida- 
tion product formed during solution inasmuch as the solution 
quichlj assumes a red color 

The absence of hypnotic powers in barbituric acid and malonyl- 
guamdme is in harmony with the ineffectiveness of the lower alkyl 
barbituric acid derivatives and of 5,5-dipropyhnalonylguarudme J - 
The diarrheal action of barbituric acid is noteworthy because of 
a similar action ascribed to alloxan 33 
Steudel's 31 claim that 2,4-diamino-G-oxypyrrmidme and 2,4,5- 
tnammo-6-oxypynmidme are toxic, cannot be substantiated In 
duplicating his experiments in. which he fed these compounds to a 
dog, no similar results could be obtained, the animal used was a 
% ery playful one as was Steudel’s but it did not become less h\ ely 
after ingesting these substances, nor was vomiting or albuminuria 
obsen ed or any other of the effects noted by that author The 
lethal doses for rats he gives as 0 2 gram and 0 1 gram for the sul- 
phates of the diamrno and tnamino compounds, respectively, when 
injected subcutaneoulsy The smallest volumes which can possi- 
bly contain these amounts at 43° are 40 cc and 20 cc respectn ely 
Moreover, it was shown above that such concentrations are not 
suitable for injection and this leads us to believe that Steudel used 
products which were more soluble than these aminopynmidines 
Moreoi er he published no analyses of his compounds Cj anace- 
tjlguamdme, howeter, is a precursor of both pyrimidines, it is 
quite soluble as is also its sulphate, and finallj , when injected sub- 
cutaneously it is toxic These properties would indicate that this 
compound was an admixture of Steudel’s preparations and would 
account for their toxic action However, when fed to dogs, c> ana- 
cetjlguawdine is not toxic although his preparations were, and 
the only apparent explanation for this is that still another com- 
taminatmg substance was responsible in this case That cyana- 
cetjlguamdme is toxic is not surprising since, from its structure, 

15 Fischer and von Menng T her apt e der Gegemrarl, v, pp 97-101, 1903 

“ Koehne Inaugural Dissertation, Rostock, 1S94, 40 pp 

u Steudel Zciischr f physiol Chem , xxxu, pp 2S5-290, 1901 
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HN-— co 

I I 

HNC CH 2 

! ! 

h 2 n cn 

it might possess the properties of guamdme or of nitriles Guani- 
dine, the toxicity of which has long been know, causes 35 peculiar 
shaking movements of the head and ears, paralysis of the hind 
limbs, clonic muscular contractions and muscular twitchmgs of the 
entire body Different nitriles have different effects but the typi- 
cal phenomena are described 35 as vomiting, dyspnoea, tetanic con- 
vulsions and opisthotonus Hence, probably cyanacetylguamdine 
embraces some of the toxic effects of both of these poisons (see 
Experiments 28 and 31) 

The behavior of 2,4-diamino-6-o\ypyrrandme and cyanacetyl- 
guamdine in the body affords suggestions for further work upon the 
intermediary metabolism of these substances, as the few experi- 
ments indicate that a deaminization may occur m vivo The dif- 
ferences between the theoretical percentage of N for the compounds 
administered and those recovered from the urme are too great 
(6 to 11 per cent) to be ascribed to the method of analysis or to 
faulty technique Moreover, an analysis of the pure isomtroso 
derivative of the dia mino pyrimidine by the same method gave a 
satisfactory nitrogen value The possibilities for the transforma- 
tion of this pyrimidine are shown by the following scheme 

HN—CO HN— CO HN—-CO 


IioNC CH +H 2 0 = NH 3 +0C CH 2 or HNC CE 2 

« II li M 

N — CNH» HN — CN H HN—CO 

With cyanacetylguamdine a somewhat similar problem is pre- 
sented as deaminization can result m one of three compounds 

HN __ C0 HN—CO HN—CO HN—CO 


HNC CH 2 + H 2 0 = NH 3 + OC CH- or OC CH 2 or HN— C CH* 


H 2 N CN H-N CN HN— CNH HN—CO 

51 Gergens and Baumann Arch f d ges Physiol , mi, pp 205-214, 1S<G, 
Pommeremg Bcxtr z chcm Physiol u Path , 1 , pp 5G1-5GG, 1901 
3S Kobert Lehrbuch der Intaxilalioncn, Stuttgart, 11 , p 802, 1900 



Israel S Klemer 


469 


If either of the last two complexes result it is of great interest 
as no precisely simil ar transformation of an acj clic into a cyclic 
compound is known m physiology 

HN— 

Lusim’s conclusion that the grouping OC has first a stimulat- 

I 

HN— 

mg and then an inhibiting action on the nerve centers and that 
HN — CO 

the grouping ' 1 has no such power can not be substan- 

t 

tiated inasmuch as barbituric acid, which is non-toxic, contains 
this urea grouping and differs very little m structure from alloxan 
uhich Lusim found to be toxic 

STJMJIAUY 

The administration of barbituric acid per os is followed by no 
marked physiological effects except diarrhea, when given subcu- 
taneously the free pyrimidine has a local action on the tissues due 
to its acid properties The sodium salt has no local action 
Malonyl guanidine when fed, or when injected subcutaneously 
as the sodium salt, provokes no noteworthy symptoms 5-Amrno- 
malonylguamdme hydrochloride, 2, 4-diamino-6-ox} r pynmidme sul- 
phate and 2,4,5-tnammo-6-oxypyrimidme sulphate, when fed, are 
also without marked action 

Subcutaneous injection of 5-aminomalonylguamdme hydro- 
chloride leads to grave changes in the tubular epithelium of the 
kidney , casts and albumin abound m the urine, and death fre- 
quently results 

2 ,4-D iammo-6-oxypynmidine sulphate and 2,4,5-tnamino-fi-oxy - 
pynmidme sulphate, which Steudel reported as toxic, are too insol- 
uble to inject m appreciable quantity Inasmuch as cyanacetjl- 
guamdme, a precursor of both of these, is quite soluble, and was 
found to be toxic when injected subcutaneously, doubt is expressed 
as to the purity of the diamino and tnarnmo pyrimidines used by 
Steudel, especially as this author also observed nausea, etc , after 
feeding them to dogs, uhereas no symptoms whatever occurred 
m the present investigation under similar conditions 
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A color reaction is described which is co mm on to all of this series, 
although 2,4,5-triammo-6-oxypyrimidine and 5-ammomalonylgua- 
mdme do not react well By aid of this reaction and m other ways, 
evidence was gained that, after administration of a compound of 
this series there was excreted in the urine the compound used (or 
a derivative) in every case except with 5-ammomalonylguanidme, 
and perhaps 2,4,5-triamino-6-oxypyrimidme 

Evidence is presented to indicate that 2,4-diammo-6-oxypy- 
rimidine and cyanacetylguamdme may be deaminized in the body 
My thanks are due Prof Lafayette B Mendel who directed the 
physiological investigations and Prof Treat B Johnson, who aided 
and advised m the syntheses of the compounds employed as well 
as m the questions of organic chemistry mvolved 
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In continuation of the physiological investigation concerning 
the metabohsm of the organic-phosphorus compound known as 
phytin, which has been and is bemg earned out at this institution 
by Dr Jordan, a closer study of the chemical properties of this 
substance, phytin, became necessary Much work has already 
been done and reported on this subject by various investigators 
Definite information, however, concerning different lands of salts 
formed by the free phytic acid or mosite phosphoric acid is seldom 
met with in the literature Frequently impure salts have been 
analyzed 

Pasternak, who first successfully prepared phytin m pure form, 1 
also studied its chemical properties Among the salts mentioned 2 
is one, calcium-magnesium, as well as one crystalline, calciuin- 
sodmm, double salt, for which he gives the formula, 2 C-H < P 20 9 Nai 
-fCiHiPsCa; + 8H ; 0 Winterstem 3 describes a calcium-magne- 
sium compound which, after removing the calcium with oxalic 
acid and precipitating with alcohol, contained 42 24 per cent 
P;0 5 and 12 97 per cent MgO Patten and Hart, 4 working in 
this laboratory, isolated from wheat bran an impure magnesmm- 
calcium-potassium compound Lexene 5 describes a semi-crystal- 
line banum salt which corresponds to a tetra-banum phytate 
Vorbrodt 6 mentions a crystalline barium salt obtained by partially 

1 Rev gin de bot , xu, p 5, Compt rend acad des sci , cxxxvu, p 202 

’ Compt rend acad des sci , cvxxvii, pp 337 and 439 

’ Ber d d them Gesellsch , xxx, p 2299 

4 Amer Chem Joum , won, p 566 

5 Biochem Zeitschr , xn, p 399 

* Amexgcr Alad TFm Krakau, 1910, Senes A, p 414 
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neutralizing phytic acid with barium hydroxide and evaporating 
in vacuum, to which he assigns the formula, CioH^ChoBaiPn 
Although crystalline, this compound was undoubtedly impure 
By neutralizing the mother-liquor from the above with barium 
hydroxide he obtained an amorphous precipitate of the composi- 
tion C, 5 75, H, 0 77, Ba, 52 97, P, 11 60 per cent This corre- 
sponds approximately with a hexa-banum phytate 

Of the several salts mentioned m this paper some were obtained 
from commercial phytin and from an organic-phosphorus-mag- 
nesium compound by precipitating with barium chloride and 
barium hydroxide, others were prepared from previously purified 
phytic acid These products will be more fully described in the 
experimental part 

The tri-barium phytate, C&H12O9KPO3EO2 Ba] 3 , is obtained pure 
as an amorphous white powder by repeatedly precipitating barium 
phytate m 0 5 per cent hydrochloric acid with a like volume of 
alcohol It may also be obtained m crystalline form by dissolving 
the amorphous salt m a 10 per cent solution of phytic acid m which 
it is very soluble and from which it again slowly crystallizes out on 
standing at ordinary temperature 

A penta-barium phytate, C 6 Hi 4 027PcBa 0 , is obtained when a 
solution of the tri-barium phytate in 05 per cent hydrochloric 
acid is neutralized with barium hydroxide and then made faintly 
acid with acetic acid 

The penta-banum ammonium phytate, CeH^OorPcBa^NHj);, 
is obtained when the above mentioned amorphous tri-barium salt 
is digested with dilute ammonia 

The penta-magnesium ammonium phytate, C 6 H]20 2 7P6Mgs(NH 4 )2, 
is thrown down as a white amorphous precipitate when excess 
of magnesia mixture is added to an aqueous solution of phytic 
acid, or when ammonium phytate is precipitated with magnesia 
mixture 

A tetra-cupnc di-calcium phytate, CeH^C^PeCuA^, m nearly 
pure form is obtained when a shghtly acid solution of calcium 
ammomum phytate is precipitated with excess of copper acetate 
If the magnesium ammonium phytate is precipitated under the 
same conditions an impure compound is obtained which contains 
about 1 per cent Mg, 0 6 per cent N, 34 per cent Cu and 15 6 per 
cent P No effort was made to obtain these salts pure It was 
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only desired to find out to what extent other bases were removed 
when precipitating with copper acetate 

Starkenstein 7 claims that commercial phytm always contains 
free inosite together with inorganic phosphates and that merely 
drying the substance at 100°C causes nearly complete decomposi- 
tion into inorganic phosphate and free mosite 
That phytm is so easily decomposed seemed very improbable 
as several months’ work on the substance has shown that it is 
relatively stable when pure and when no mineral acids are present 
Moreover Contardi 8 reports that when phytm is heated m an auto- 
clave with pure water for several hours to a temperature of 200°C 
only lery small quantities of mosite could be isolated 

In order to determine if inosite is present in determinable quantity 100 
grams of commercial phytm in the form of the acid calcium salt, imported 
from Europe and which had been kept in the laboratory for several jears, 
was shaken up with 1 liter of water, filtered at once and washed with water 
The filtrate was precipitated with banum hj droxide, again filtered and the 
excess of banum precipitated with carbon dioxide and the filtrate from the 
latter evaporated on the water-bath In the very slight residue which 
remained, consisting mostly of barium carbonate with a trace of banum 
chloride, no trace of inosite could be detected by the most painstaking 
method of isolation Of the same phytm, 100 grams were dned to constant 
weight at 115°C and was then treated in the same manner Even here no 
trace of mosite could be obtained Subjecting to the same treatment 50 
grams of the same phytm, after previouslj mixing with 0 5 gram mosite, 
resulted in the recovery of 0 4 gram mosite 

This prcn es that phytm is by no means so easily split as Starken- 
stem claims The results m his case may have been due to other 
causes besides mere drying at 100°C 
The same author ( loc cit ) also states that when phytic acid is 
precipitated with ammomacal magnesia mixture it is not the mag- 
nesium ammonium compound which is formed but only the diffi- 
cultly soluble magnesium phytate This is an error Under these 
conditions the previously mentioned penta-magnesium ammonium 
phytate, CeHnCbrPeMgsCNPLi):, is formed 

For the free phytic acid Postemak 3 proposed the empirical for- 
mula, CiHsOsP;, which he considered to have the following con- 
stitution 

1 Biochem Zexlschr xxx, p 59 
* Atli R Accad dei Iaticci Roma (5), win, 1 , p 64 
9 Compl rend acad des sci , cxxwu, p 439 
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H 



CHO PO (OH)» 
CHO PO(OH) 2 


H 


and which finds expression in the name “ anhydro-oxymethylen 
di-phosphonc acid 

As is well known the free acid, as well as its salts, is easily split 
under the influence of dilute mineral acids into mosite and ortho- 
phosphoric acid This fact and the discovery by Neuberg 10 that 
both mosite and phytin jneld furfurol when distilled with phos- 
phorus pentoxide and phosphoric acid, respectively, lead him to 
believe that the mosite rmg exists already formed m phjdm In 
accordance with this view he proposed the following structural 
formula for the acid 


/°\ 

(oh) 3 p p(oh ) 3 

! I 

O 0 

\ / 

CH— CH 

(OH), | | fOH) s 

P—O— CH CH— 0— P 

< I I > 

(OH)a P— O— CH— CH— 0— P (OH) 3 

This is just treble the molecular weight of the anhydro-oxymeth- 
ylen di-phosphonc acid of Posternak 

Suzuki and Yoshimura 11 considered that phytic acid was the 
hexa-phosphonc acid ester of mosite 

Starkenstem 12 beheves that phytm represents a complex pyro- 
phosphonc acid compound with mosite and he proposes the follow- 
ing constitutional formula 


10 Biochem Zeitschr , ix, pp 551 and 557 

11 Bull Coll of Agnc Tokyo, vu, p 495 

12 Biochem Zeitschr , xxx, p 56 
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(OH)- (OH); 

P = OHO HC— CH OHO = P 



Vorbrodt ( loc at ) proposes still another formula 
It is impossible at the present time to decide definitely between 
any of the above constitutional formulas, as the substance has not 
j et been synthesized in the laboratory 

As represented by the empirical formula, CtJIciCbvPc, phytic 
acid corresponds to a hexa-phosphonc acid ester of mosite plus 
3H-0, C 6 H 6 0 6 [P0(0H)_-] 6 + 3H-0 
At present it is impossible to say whether the compound repre- 
sents a pyrophosphate or if the water is linked m some other way 
That the acid contains tnehe acid (OH) groups as expressed m 
the formula of Starkenstein, which wouldalso be the case if it were 
a hexa-phosphonc acid ester of mosite, and not eighteen (OH) 
groups as in the formula of Neuberg, seems certain, for in no case 
have ne been able to prepare any salt in which more than twelve 
H- i alences were replaced by bases 

As obsened by Starkenstein onlj one-half of the twelve (OH) 
groups are particularly reactive This finds expression m the fact 
that the banum salt obtained from acid solutions contains only 
3Ba to 6P As suggested bj the above author, it is probable 
that these reactne hydro xj Is are adjacent but linked to different 
phosphonc-acid residues The salts with binary bases would then 
be represented by the following 
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-OH 
-p= o 


-p = 



-OH 


A further confirmation of this is found m the fact that the tn- 
banum phytate as well as other similar salts of phytic acid with 
binary bases are strongly acid m reaction 

The presence of only eight acid (OH) groups, however, can be 
shown by titrating an aqueous solution of the acid with decinor- 
mal sodium hydroxide usmg phenolphthalem as indicator Patten 
and Hart ( loc ext ) who titrated with decinormal barium hydroxide 
usmg phenolphthalem as indicator obtained results agreeing with a 
hexa-banum salt 

Of special interest m connection with the constitution of phytin 
are the phosphoric acid esters of inosite 

Neuberg and Kretschner 13 report obtaining a poly-phosphoric 
acid ester of inosite by their method of preparing phosphoric acid 
esters of the carbohydrates and glycerme, that is, by the action of 
phosphorus oxychloride The product however, could not be 
obtained pure as it was found impossible to separate it from the 
inorganic phosphates 

Contardi 14 claims to have prepared the hexa-phosphonc acid 
ester of mosite by heatmg mosite with an. excess of phosphoric 
acid m a stream of carbon dioxide to 160° to 165°C The product 
was purified as the barium salt and after decomposing the latter 
with sulphuric acid the free ester was obtained, which he describes 
as identical with phytic acid The same author 16 claims to have 
prepared poly-phosphoric acid esters of m anrn te, quercite and 
glucose by the same method 

Carrd, 16 however, repeating these experiments found that the 
products described by Contardi were merely mixtures of free phos- 
phoric acid and the polyhydnc alcohols in question together with 

13 Biochcm Zeilschr , wwi, p 5 

14 Alii R Accad dei Lincei Roma, (5), xix, i, p 23 

15 Ibid , p S23 

16 Bull soc chun de France, (4), i\, p 195 
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their decomposition products mixed with some monobanum phos- 
phate 

Many fruitless efforts hai e been made in this laboratory to syn- 
thesize phytic acid and the hexa-phosphonc acid ester of inosite 
All experiments in this direction lead only to the tetra-phosphonc 
acid ester of inosite, C 6 H 6 (0H) ; 0 < [PO(OH) : ]i 
The method of Contardi was modified to the extent that inosite, 
either dry or with water of crystallization, was heated with phos- 
phoric acid, previously dried at 100°C to constant weight, m 
vacuum to a temperature of 140° to 160°C for about two hours 
The same product, viz , the tetraphosphonc ester was obtamed 
whether the phosphonc acid was present m large or small excesss 
above six molecules of H 3 PO 4 to one molecule of inosite When it 
was present in less quantity than this, however, for instance one 
molecule of inosite to three molecules of HVPOi, then a mixture of 
esters was formed It was found impossible to separate these prod- 
ucts completely owing to the fact that they possess about the same 
solubility 

The tetraphosphonc ester is most conveniently isolated by means 
of its banum salt The separation of the ester from the excess of 
the phosphonc acid or banum phosphate succeeded because its 
banum salt is much less soluble in dilute alcohol acidified with 
hydrochlonc acid than is banum phosphate 
The new ester is a well charactenzed compound, very similar m 
appearance and reactions to phytic acid By heatmg with acids, 
inosite and phosphonc acid are regenerated It gives a white 
precipitate with the ordinary molybdate solution, and with excess 
of silver nitrate a white precipitate is also produced These reac- 
tions are identical with those of phytic acid 
The inosite used m these experiments was prepared from the 
crude magnesium compound previously mentioned and carefully 
purified by recrystalhzation 

The reason why phytic acid could not be obt amed by the action of 
phosphonc acid on inosite is no doubt to be found in that it is not a 
simple ester but a complex compound as suggested by Starkenstem 
It is, however, difficult to understand why the hexa-phosphonc 
ester was not obtained by this method The only explanation that 
can be offered is that under the conditions of these experiments 
it is not stable 
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One leason alleged by Starkenstem for considering plijtm a 
pyrophosphate is based upon its giving a white piecipitate with 
silver nitrate This is certainly a characteristic reaction of pj ro- 
phosphates Yet the tetraphosphoric ester gives a pure white 
precipitate with the same reagent As the ester cannot be in the 
form of a pyrophosphate the fact that phytic acid gives the same 
colored silver compound is not necessarily an indication that it 
represents a pyrophosphate compound 

The phytic acid used m these experiments was prepared from 
products obtained from two different sources The starting mate- 
rial m one case was a calcium phytate imported from Europe, 
the other was a crude natural magnesium organic phosphorus 
compound extracted in this country and kindly supplied us by Dr 
Carl S Miner of Clucago 

As shown by the analyses of the carefully purified salts and of 
the free acid, these two preparations were identical and they were 
also identical with the product described as phytic acid by Poster- 
nak and other investigators 

EXPERIMENTAL. PART 
Tri-banum phytate 

The commercial phytm was purified for analysis by means of the 
barium salt Thirty grams calcium phjdate were dissolved m a 
small quantity of 0 5 per cent hydrochloric acid, diluted to about 2 
liters with water and a concentrated solution of 30 grams barium 
chloride was added The precipitate was dissolved without fil- 
tering by the addition of just sufficient dilute hydrochloric acid 
It was then precipitated b 3 r adding barium hydroxide to faintly 
alkaline reaction The mixture was then acidified with acetic 
acid and after standing over night was filtered and well washed in 
water It was re-precipitated in the same manner three times 
After finally filtering and washing in water the substance was dis- 
solved m about 1 liter of 0 5 per cent hydrochloric acid, filtered 
and the filtrate precipitated by adding a like volume of alcohol 
After repeating this operation the substance was filtered, washed 
free of chlorides with 50 per cent alcohol and finally v ashed m 
alcohol and ether and dried in vacuum over sulphuric acid 
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The product so obtained was a light, perfectly white semi-crys- 
tallme or amorphous powder Placed on moist litmus paper, it 
showed a strong acid reaction It is very slightly soluble m water, 
slightly soluble in acetic acid and readily soluble in mineral acids 

For analysis the substance was dried at 130°C 

0 2728 gram substance gave 0 0352 gram H O and 0 06-43 gram CO 

0 2763 gram substance gave 0 1749 gram BaSO< and 0 1675 gram MgjP.Ch 

0 1909 gram substance gaveO 1206 gram BaSOi and 0 1154 gram Mg P-O? 

For C«H, Oj[(POiH)jBa]? = 1120 

Calculated C = 6 42, H = 1 60, P = 16 60, Ba = 36 78 per cent 

Found C = 6 42, H = 1 44, P = 16 S9, Ba = 37 25 per cent 

P = 16 85, Ba = 37 17 per cent 

The banum salt prepared in the same manner from a natural 

crude magnesium orgamc phosphorus compound gave the following 
result on analj sis 

0 2057 gram substance gave 0 0273 gram H.O and 0 0480 gram CO 

0 1422 gram substance gar e 0 0SS6 gram BaSO, and 0 0S41 gram Mg P-O? 

Found C = 6 36, H = 1 48, P = 16 4S, Ba = 36 66 per cent 

The two salts are therefore identical 

Crystallized In-banum phytate 

One gram purified phytic acid was dissolved in 10 cc water and 
4 grams of the above mentioned tn-banum phytate added It u, as 
filtered from traces of undissolved particles and allowed to stand 
for two daj s at room temperature The substance has then sepa- 
rated as a heavy crystalline powder of irregular form From less 
concentrated solutions the substance separates in small, needle- 
shaped crystals 

The substance was filtered, washed v ell in water and finally m 
alcohol and ether and dried m the air For anahsis it vas dried 
at 120°C 

0 1972 gram substance lost 0 0153 gram H-0 

0 202S gram substance gm e 0 1251 gram BaSO< and 0 1216 gram Mg-P O? 

Found P = 16 71, Ba = 36 30 per cent 

Calculated for 5 H O / 44, Found 7 75 per cent 
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Penta-banum phytate 

This salt is obtained on neutralizing a solution of the tri-barium 
phytate in 0 5 per cent hydrochloric acid with barium hydroxide 
and then acidifying with acetic acid The precipitate was filtered, 
washed thoroughly m water, alcohol and ether and dried m vacuum 
over sulphuric acid 

The product was a white amorphous powder For analysis the 
substance was dried at 130°C 

0 2970 gram substance gave 0 0307 gram H 2 0 and 0 0500 gram C0 2 
0 2507 gram substance gave 0 20S0 gram BaSO< and 0 1207 gram Mg 2 P 2 0 
0 1856 gram substance gave 0 1543 gram BaSO< and 0 0899 gram Mg-P-O, 
For CeHuOnPe Ba& — 1391 

Calculated C = 5 17, H = 1 00, P = 13 37, Ba = 49 37 per cent 
Found C = 4 59, H = 1 15, P = 13 42, Ba = 48 82 per cent 

P = 13 50, Ba = 48 92 per cent 

Penta-banum ammonium phytate 

When the tri-barium phytate is digested in dilute ammonia it 
is transformed into the penta-banum ammonium salt and ammo- 
nium phytate The latter product, however, was found to contain 
some barium 

Two grams of the analyzed tri-banum phytate were digested for 
two hours in 25 cc of 2 5 per cent ammonia, filtered and washed m 
dilute ammonia and finally m alcohol and dried m vacuum over 
sulphuric acid The product was a heavy white amorphous pow- 
der On moist litmus paper it showed a neutral reaction 
For analysis the substance was dried at 130°C 

0 1509 gram substance gave 0 1205 gram BaSCb and 0 0762 gram Mg»P 2 07 
0 1747 gram substance gave 0 0026 gram N (Kjeldahl) n 
For CcHi-0 2 rP«Ba5 (NH 4 ) 2 — 1425 
Calculated P = 13 05, Ba = 4S 19, N = 1 96 percent 
Found P = 14 07, Ba = 46 99, IjT = 1 48 per cent 

By evaporating the filtrate from the above to dryness on the water-bath 
an amber-colored mass remained which after drying at 130°C gaie the 
following result on analysis 

Found P = 20 51, Ba = 6 65, N = 10 48 per cent 


» 7 This and subsequent nitrogen determinations were made b> Mr M P 

Sweeney 
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Penta-magnesium ammonium phytate 

Two grains phytic acid were dissolved m 400 cc water and then 
precipitated by adding excess of magnesia mixture slowly and under 
constant shaking After the precipitate had settled the super- 
natant liquid was decanted, the residue filtered and washed with 
water until free from chlorides and finally washed in alcohol and 
ether and dried in vacuum over sulphuric acid 
The product was a fine white amorphous powder and weighed 
2 7 grams It reacts neutral on moist litmus paper For analysis 
it was dried at 130°C 

0 10S9 gram substance gave 0 OS32 gram Mg PiO for P 
0 10S9 gram substance gave 0 0705 gram Mg PtO- for Mg 
0 1248 gram substance gave 0 0039 gram N \ 

0 0S93 gram substance gave 0 0028 gram N / 

For C.H, O rPeMgs (NH,). = S59 5 

Calculated P = 21 64, Mg = 14 13, N = 3 25 per cent 

Found P = 21 29, Mg = 14 13, N = 3 12 - 3 13 per cent 

If the phytic acid is first neutralized with ammonia and then 
precipitated with magnesia mixture the same product is obtained 
Two grams phytic acid in 400 cc water were neutrabzed with 
ammonia, precipitated with excess of magnesia mixture, filtered, 
washed free of chlorides with dilute ammonia and then in alcohol 
and dried in vacuum o% er sulphuric acid For analysis the sub- 
stance n as dned at 130°C 

Found P = 21 49, Mg = 13 96, N = 3 47, 3 4S per cent 
Tetra-cupnc di-calcium phytate 

To a solution of 2 grams phytic acid m 200 cc water excess of 
calcium chloride was added and the solution then neutralized with 
ammonia The precipitate was just dissolved in dilute hjdro- 
chlonc acid and the solution precipitated with copper acetate 
The bluish-green colored copper compound was filtered off, washed 
with water until free from chlorides and then in alcohol and dned 
m \acuum over sulphunc acid 

The dry substance v,as a light-blue amorphous powder It is 
\erj slightly soluble m nater or m verj dilute acids, readih soluble 
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m the ordinary dilute mineral acids It is readily soluble in 2 5 
per cent ammonia with a deep-blue color In this solution con- 
centrated ammonia or alcohol produces a light-blue colored pre- 
cipitate 

The compound represents a nearly pure tetra-cupnc di-calcium 
phytate It contained 0 17 per cent N 

For CeHisOo (POjCuh (POaCab — 1036 

Calculated Cu = 24 51, Ca = 7 72, P = 17 95 per cent 

Found Cu = 25 58, Ca = 7 69, P = 16 85 per cent 

If a slightly acid solution of magnesium ammonium phytate is 
precipitated with copper acetate a light blue colored copper com- 
pound is obtained After washing and drying it gave the follow- 
ing result on analysis 

Mg = 1 11, Cu = 34 27, N = 0 64 and 0 52, P = 15 66 per cent 

This compound is exceeding^ soluble m dilute and concentrated 
ammonia By the careful addition of alcohol to the ammoniacal 
solution a substance separates in light blue colored crystals on 
standing This is evidently a complex copper-ammonium salt 
but it was not further examined 

Phyhc acid 

This was prepared after the method of Patten and Hart (loc 
cit ) The analyzed tn-barium salt was decomposed with the cal- 
culated quantity of decmormal sulphuric acid After removing 
the barium sulphate, the solution was piecipitated with copper 
acetate The copper compound vas decomposed with hydrogen 
sulphide, the copper sulphide filteied off, the filtrate concentrated 
in vacuum and finally dried in vacuum over sulphuric acid The 
products obtained from both the calcium phytate and the magne- 
sium compound were light ambei colored, very thick liquids and 
corresponded m all respects with the bod}' described by other inves- 
tigators as phytic acid 

F 01 analysis the substance ins dried at 130°C 
a From calcium phytate 

0 3193 grim substance give 0 0917 gram H-.0 and 0 123S gram CO- 

0 1505 gram substance gui e 0 1424 gram Mg-P-C); 
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b From the magnesium compound 

0 27S9 gram substance gaxe 0 0S04 gram H O and 0 1101 gram CO 
0 1236 gram substance gave 0 1160 gram MgiP.O- 
For C«H < O -Ps = 714 


Calculated 

Found 

Found 


z 

n 

10 OS 

10 57 

10 76 

3 36 

3 21 

3 22 

26 05 

26 37 

26 16 


Titrated against decinormal sodium hjdrovide using phenolphthalem 
as indicator the following results were obtained 
0 264S gram acid required 30 7 cc rir NaOH 
Calculated for 8NaOH 29 65 cc 
0 1593 gram acid required IS 60 cc y? NaOH 
Calculated for 8NaOH 17 60 cc 

Inosiie from the crude magnesium compound 

Twenty-five grams of the air-dried substance, containing 20 
per cent of moisture, was heated with 100 cc of 30 per cent sul- 
phuric acid in a sealed tube for about three hours at a temperature 
of 140°C Two tubes equally charged were heated at the same 
time After cooling the reaction mixture was of dark brown color 
and a considerable quantity of magnesium salts had crystallized 
out 

The contents was washed mto a beaker, filtered and diluted with 
ivater to about 1500 cc The sulphuric and phosphoric acids and 
the magnesium w ere then precipitated by banum hy droxide, filtered 
and well washed in hot water The filtrate was evaporated to 
about 350 cc and the excess of banum remox ed by carbon dioxide, 
filtered, the filtrate decolorized with animal charcoal and then ex ap- 
orated on the rater bath to a syrupy consistency This w as taken 
up in a small quantity of hot water, filtered and alcohol added to 
the filtrate until a cloudiness was produced By scratching with 
a glass rod crystallization began, more alcohol was then added and 
the mixture placed in the ice-chest o\ er night After filtering and 
washing in alcohol and ether and drying in the air the product 
weighed from 5 1 to 5 4 grams From the mother liquor a further 
quantity of cry stals from 0 4 to 0 6 gram could be obtamed on the 
addition of ether and allowing to stand for twenty-four hours in 
the cold 
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For purification the raw product was dissolved m six parts of 
water and again brought to crystallization by the, addition of alco- 
hol as before It was then obtained in large, thin, colorless plates 
It gave the reaction of Scherer The dried substance melted 
at 220°C (uncorrected) 

Dried at 100°C , 0 4136 gram substance lost 0 0669 gram H 2 0 
and 0 1600 gram lost 0 0258 gram H 2 0 
The dried substance was analyzed 

0 1342 gram substance gave 0 0791 gram H 2 0 and 0 1981 gram C0 2 
For C 6 H 6 (OH) 6 = 180 

Calculated C = 40 00, H = 6 66, 2H 2 0 = 16 66 per cent 
Found C = 40 26, H = 6 59, 2H 2 0 = 16 17 — 16 12 per cent 

This substance was used m subsequent experiments with phos- 
phoric acid Some 40 grams of inosite were prepared m this vs aj r 

Tetra-phosphoric acid, ester of inosite 

Crystallized inosite (4 32 grams, 2 molecules) was powdered and 
mixed in a distillation flask with 24 grams phosphoric acid (about 
24 molecules or double the quantity required to form the hexa- 
phosphoric ester) The acid had been previously dried at 100°C 
to constant weight The flask was conneoted with the vacuum 
pump and heated m an oil bath to 140° to 160°C for about tv 0 
hours By 120° water began to come over and the reaction vas 
practically complete at the end of one hour After cooling the 
reaction mixture was a thick, reddish-brown colored, nearly solid 
mass This was dissolved m about 1 liter of water and a solution 
of 40 grams of barium chloride m 400 cc of water was added The 
barium salt of the ester was then precipitated by the addition of 
about 1 liter of alcohol 

A solution containing phosphoric acid and barium chloride m 
the same dilution as above remains perfectly soluble on the addi- 
tion of a like volume of alcohol 

The voluminous flaky precipitate was filtered off at once and 
thoroughly washed m 33| per cent alcohol 

For purification the substance was dissolved in 700 cc of 0 5 
per cent hydrochloric acid, filtered from slight insoluble residue, 
the filtrate diluted with 500 cc of water, some barium chloride 
added and then precipitated by the addition of a like volume of 
alcohol This vas repeated a second time The substance was 
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then dissolved m 500 ce of 0 5 per cent hydrochloric acid, precipi- 
tated by adding barium hydroxide to slightly alkaline reaction, 
then acidifying with hydrochloric acid and adding 500 cc alcohol 
After filtering and washing as before the substance was again 
twice precipitated from 0 5 per cent hydrochloric acid solution 
with alcohol and finally washed in 50 per cent alcohol, alcohol and 
ether and dried m vacuum over sulphuric acid The products eighed 
8 9 grams It was a white voluminous amorphous powder On 
moist litmus paper it showed a strong acid reaction The solu- 
bility of the product was practical!} the same as forthe tn-banum 
phytate 

For analysis it was dried at 100° and 130°C 

0 3252 gram substance lost 0 02S1 gram H.O 
0 2697 gram substance gave 0 0442 gram H O and 0 0S7S gram CO 
0 2938 gram substance gar e 0 0300 gram H O and 0 06S5 gram CO« 

0 2482 gram substance gave 0 1505 gram BaSO< and 0 1434 gram Mg.P.O; 

0 1833 gram substance gav e 0 110S gram BaSO< and 0 1075 gram Mg P-O- 
0 1776 gram substance gave 0 1074 gram BaSO< and 0 1038 gram Mg.P-0 ; 
For CeH« (OH)sO<[ (POjH) Bah = 770 7 

Calculated C = 9 34, H = 1 55, P = 16 08, Ba = 35 64 per cent 

Found C = S 87, H = 1 S3, P = 16 10 , Ba = 35 6 S per cent 

C = 9 16, H = 1 64, P = 16 34, Ba = 35 57 per cent 

P = 16 29, Ba = 35 5S per cent 

Calculated for 4 H 3 O 8 55, Found 8 64 per cent 

Another lot prepared by heating 1 80 grams dr}' mosite (1 mole- 
cule) with 7 9 grams dry phosphoric acid (about 8 molecules) and 
isolated in the same manner gave the following results on anah sis 

0 2879 gram substance lost 0 0240 gram H O 
The dried substance was analj zed 

0 2639 gram substance gave 0 0452 gram H O and 0 0936 gram CO. 

0 14S0 gram substance gave 0 OS 66 gram BaSOi and 0 0S46 gram Mg P.O7 
0 1632 gram substance gav e 0 0959 gram BaSO< and 0 0933 gram Mg P.O- 
Found C = 9 67, H = 1 91, P = 15 93, Ba = 34 43 per cent 
H.O = 8 33, P = 15 93, Ba = 34 5S per cent 

A third lot prepared by heating 1 80 grams drv mosite (1 mole- 
cule) with 0 88 grams dry phosphoric acid (6 molecules) and isolat- 
ing m the same maimer as before gave the following 

C = 9 69, H = 1 75, P = 16 06, Ba = 36 33 per cent 

It is apparent therefore that in each of the abov e experiments the 
same compound was produced 
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The free telra-phosphonc ester 

About 5 grams of the purified barium salt was decomposed by- 
digesting it with the calculated quantity of decinormal sulphuric 
acid After removing the barium sulphate the solution was pre- 
cipitated with excess of copper acetate The copper precipitate 
was filtered, thoroughly washed with water, suspended in water 
and decomposed with hydrogen sulphide The copper sulphide 
was removed by filtration, the filtrate concentrated m vacuum and 
finally dried in vacuum over sulphuric acid until it was of a thick, 
syrupy consistency 

For analysis the substance was dried at 130°C 

0 3020 gram substance gave 0 0933 gram H 2 0 and 0 1577 gram C0 2 
0 1605 gram substance gave 0 013S7 gram Mg 2 P»O v 
For C,H.(0H)*0 4 [P0(0H),]« = 500 
Calculated C = 14 40, H = 3 20, P = 24 80 per cent 
Found C = 14 24, H = 3 45, P = 24 09 per cent 

0 1663 gram substance required 16 5 cc decinormal sodium hydroxide 
using plienolphthalem as indicator Tins corresponds to five acid (OH) 
groups 

Calculated for 5NaOH 16 63 cc 

Properties of the free ester 

The concentrated aqueous solution of the ester is ver/ similar 
to phytic acid It is a very thick amber-colored liquid of sharp 
acid, slightly astringent taste and strong acid reaction On longer 
keeping m the desiccator over sulphuric acid it becomes hard and 
brittle and may be powdered It is then very hygroscopic 
The dry substance is slowly but completely soluble m alcohol, 
readily soluble m water 

The concentrated aqueous solution gives a white precipitate with 
silver nitrate m excess which dissolves on largely diluting with 
water The precipitate is readily soluble in ammonia, dilute nitric, 
sulphuric and acetic acids, insoluble m glacial acetic acid 

With ferric chloride it gives a white or faintly yellowish precipi- 
tate which is very sparingly soluble m acids 

With lead acetate a white precipitate is produced, readily soluble 
in dilute nitric acid but sparingly soluble in acetic acid 

With barium chloride it gives a white precipitate slightly soluble 
m acetic acid but readily soluble m hydrochloric and nitric acids 
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Calcium chloride does not gne a precipitate but on heating the 
calcium salt is thrown down as a w hite precipitate which redissoh es 
on cooling 

Magnesium salts do not cause a precipitate and on heating the 
solution merelj turns cloud} , on cooling it clears up again 
With the ordinary mol} bdate solution it gives m the cold a white 
% olummous flak}' precipitate which slowly turns } ellowish m color 
Phytic acid under the same conditions gives a white precipitate 
which remains unchanged m the cold On drying at 110° or 130° 
the substance turns i ery dark m color 
The ester, like phytic acid, fails to gne directly the Scherer 
reaction for mosite 

Inosite from the teira-phosphonc ester 

Ten grams of the purified banum salt was heated with 25 cc 
30 per cent sulphuric acid in a sealed tube to about 150°C for three 
hours After precipitating the sulphuric and phosphonc acids 
with banum hydroxide the mosite was isolated by the usual method 
and recrystalhzed from hot dilute alcohol It was filtered and 
washed m alcohol and ether and dried m the air Yield, 1 52 grams 
It was obtained in the form of small colorless six-sided plates, free 
from water of crystallization 

The air-dned, water-free substance melted at 221°C (uncor- 
rected ) 

0 2094 gram substance gave 0 1259 gram H.O and 0 3033 gram CO. 

0 1360 gram substance gave 0 0S27 gram H O and 0 1991 gram CO. 

For C«H, O s = 180 

Calculated C = 4000,H = 6 66 per cent 
Found C <= 39 50, H = 6 72 per cent 
C = 39 93, H — 6 SO per cent 

As already mentioned, if a mixture of mosite and phosphonc 
acid is heated w hen less than six molecules H 3 P0 4 are present to 
one molecule mosite, a mixture of esters is obtained It was found 
impossible to separate these bodies as banum salts and obtain 
pure compounds since their solubilities are apparently nearly alike 
Dr} mosite (3 60 grams, 2 molecules) and 5 88 grams dry phos- 
phoric acid (6 molecules) was heated m a distillation flask as before 
to 180° to 190° for about two hours, until water ceased coming 
over The reaction mixture was in the form of a \ en, bulk}' thm 
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flaky mass, very brittle and of yellowish-brown color, mixed with 
some very dark-colored substance It was broken up with a glass 
rod and removed from the flask and treated with water in which 
the dark-colored portion was readily soluble, but the lighter-colored 
substance was insoluble m this medium It was powdered m a 
mortar and thoroughly washed in water and alcohol and dried in 
vacuum over sulphuric acid 

The substance was apparently insoluble m boiling water, in 
boiling dilute acids and in glacial acetic acid, also insoluble m alco- 
hol, ether and other organic solvents After drying at 130° the 
substance was analyzed 

0 2500 gram substance gave 0 0838 gram H 2 0 and 0 2085 gram CO 

0 1500 gram substance gave 0 1145 gram Mg»P 2 0? 

0 1542 gram substance gave 0 1178 gram Mg 2 P 2 0? 

Found C = 22 74, H = 3 75, P = 21 28 , 21 29 per cent 

This agrees approximately with a mono-pyro-phosphonc ester 
of inosite but the phosphorus is too high 

It was decided to purify it by means of the barium salt The 
substance was dissolved by boiling in dilute sodium hydroxide in 
which it gave a dark amber colored solution After filtering, it 
was precipitated with barium chloride, the barium precipitate 
filtered and washed free of alkali It was then dissolved in 500 cc 
0 5 per cent hydrochloric acid and precipitated by barium hydrox- 
ide After filtering and washing it was repeatedly precipitated 
with alcohol from 0 5 per cent hydrochloric acid solution until 
finally a small amount of a white amorphous powder was obtained 
After drying at 130° this was analyzed 

0 2028 gram substance gave 0 0412 gram H 2 0 and 0 0979 gram C0 2 

0 2207 gram substance gave 0 0413 gram H 2 0 and 0 1042 gram C0 2 

0 1982 gram substance gave 0 0996 gram BaSCb and 0 1103 gram Mg 2 P 2 Or 

Found C = 13 16, H = 2 27, P = 15 51, Ba = 29 57 per cent 
C = 12 88, H = 2 09 

In this compound the relation between the carbon and phos- 
phorus is nearly 6C to 3P which would indicate a tn-phosphoric 
ester The substance was, however, far from pure and lack of 
material prevented any further investigation of this body, which is 
apparently a mixture of various esters 
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and Company, Chicago ) 

(Received for publication, 4.pnl 4, 1912 ) 

From a chemical standpoint the two best known of the ductless 
glands are the thyroid and the suprarenals The active principle 
of the suprarenals has been separated in pure crystalline form and 
ne ha\ e well defined methods for its identification and quantitative 
estimation 

The activity of the thyroid gland is measured by its iodine con- 
tent Sajous, in his recent work, 1 * * calls attention to the fact that it 
is absolutely established that an iodine compound is the active 
agent of the tl^Toparathyroid secretions Reid Hunt states 5 
that the actne principle of this gland is associated with iodine 
and that the therapeutic actmt} of the i arious preparations from 
this gland is proportional to the amount of iodine m thyroid com- 
bination present therein, and that consequently the iodine may be 
used as a basis for standardization of such preparation Beebe 5 
confirms this statement 

It has been stated that the thj roid gland of new-born animals 4 
does not contain any iodine 

To the writer it appeared unlikelj that either the thyroid or 
suprarenal glands should be free from their active principles up to 
the time of birth TFe know that the ductless glands inject their 
secretions into the circulator} and lymphatic svstem 5 If, there- 

1 The Internal Secretions and the Principle of Medicine, i , p 156, 1911 

Journ Amer Afed Assoc , Oct 24 190S, p 13S6 

* Ibid , In, p 65S, March, 1911 

4 Ibid , h, p 19S3, Dec 3, 1910 

* Ott Internal Secretions, 1910, p 93 
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foi e, the secretions of these glands are necessar}", not merely for 
the maintenance of life and healthy metabolism, but also to govern 
the growth of the young animal, we might reasonably expect to 
find these glands active not merely at time of birth but also in the 
fetus, especially as these glands only produce internal secretions 
which, as far as we know , do not enter the alimentary tract These 
considerations led the writer to conduct the experiments described 
below 

The lack of available material, i e , normal healthy glands, would 
prevent a thorough and practical investigation of this subject as 
far as the human body is concerned Of the domestic animals, 
cattle are best adapted for such experiments 

For this series of experiments, which were carried out durmg 
March, 1912, thyroids as well as suprarenals were used and in the, 
case of cattle, four stages of age were selected, namely, the fetus 
about three months old, the fetus about eight months old, young 
suckling calves six to eight weeks old, and full-grown cattle 
In general the suprarenal glands from beef, hog and sheep seem 
to be of fairly uniform and proportional size and color The thy- 
roid glands on the other hand, varied enormously both m size and 
color This is especially true of beef and sheep An investiga- 
tion is now being carried on m order to look into this matter more 
thoroughly, and the results will be reported m a later paper In 
this paper only normal-sized healthy glands are considered It 
should be borne m mind that the period of gestation for cows is 
nine to nine and one-half months, for sheep five months, and for 
hogs four months 

The method of preparation was brief!}" as follows 
The fresh glands were trimmed and neighed, minced, dried at 
35° to 50°C to constant weight, and freed from fat by extraction 
with petroleum ether 

All determinations were made m duplicate on composite samples 
of the n um ber of glands specified m the tabulation The thyroid 
and suprarenal glands were obtained from the same animals in 
case of all sheep and hog fetus and three months old beef fetus 
The thyroid glands from eight months old beef fetus as w ell as 
those from sucking calves and all the grown animals were not out 
of the same animals as the suprarenal glands of corresponding age 
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The iodine determinations "were made according to Hunter’s 
excellent method 6 

The active principle of the suprarenal glands was determined 
colonmetncally according to the iodic acid method suggested by 
Hale and Seidell 7 with the exception that samples of desiccated 
beef, hog and sheep suprarenals of known physiological strength 
were used for comparison instead of the proposed permanent 
standards 

The results are given m the table on page 492 Those obtained 
on the sheep and hog glands are somewhat incomplete partly due 
to the fact that the glands in the fetus are very small, and also 
because suckling lambs and pigs are not commonly used for human 
food, and consequently obtainable only with great difficulty 

The results obtained above indicate definitely that the thyroid 
gland of these animals contains iodine, not merely at time of birth 
but long before 

Smce the amount of iodine in the thyroid is an indication of the 
relative activity of this gland there is evidently a gradual nse in 
activity of the gland m the fetus, and this activity is increased 
rapidly shortly after birth, reaching its maximum in the young 
growing animal 

The iodine content of the glands from the full-grown animals is 
xery low This is, however, not unusual as the iodine content 
vanes considerably The glands were collected during the same 
penod as the glands from the vanous fetus and the analyses are 
given here for comparative purposes only 

The active pnnciple of the suprarenals is also present in the fetus 
long before matunty, and m comparatively higher quantities than 
in the full-grown animal 

As time permits and opportunities present themselves, it is the 
writer’s intention to confirm these results, and to carry on further 
and more extended investigations along these lines, m the hope 
that the data so obtained may throw further light on the activity' 
of the ductless glands 

In conclusion it may' be stated that in all his experience with the 
thyroid glands from beef, hog and sheep, the writer has never found 
a sample of known origin that did not contain iodine 

•This Journal, vn, p 321, 1910 
4mcr Joum of Pharm , Dec , 1911, p 551 
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BEEF THYROIDS 


SHEEP 

THTROIDS 

Hoa 

j THYROIDS 

1 

Fetus 

Three Months 
Old 

Fetus 

Seven to Eight 
Months Old 

Suckling Cnlves 
Six to Eight 
Weeks Old 

Full-Grown 

Cattle 

Fetus 

Three to Four 
Months Old 

Full-Grown 

Shoop 

Fetus 

Seventy Days Old 

C 

c * 

= & 

3 

fa 

1 

Number of glands 
Average weight per 

l 6 

1 24 

16 

1 

| 

1 

' 200 

40 

200 

1 18 
i 

J 200 

gland (both lobes), 
grams 

I 

1 6 

1 9 0 

1 

10 0 

59 0 

1 3 : 

8 9 

0 3 

8 8 

Moisture, per cent 
Soluble in petroleum 

84 1 

! 82 3 

1 

74 3 

72 6 

82 3 

78 3 

•85 9 

67 2 

ether, per cent 
Desiccated fat-free 

1 1 

1 2 

7 0 

8 2 

1 7 i 

41 ! 

i 

trace 

13 0 

gland, per cent 

Iodine in fat-free 

14 8 

16 5 

18 7 

19 2 

16 0 

17 6 i 


19 8 

gland, per cent 

0 08 

0 19 

0 32 

0 03 

0 10 

I 

0 06 

' 0 09 

0 27 


BEEF BUPRARENALS 

SHEEP 

BUPRARENALS 

HO O 

6UPRARENAL8 

Number of glands 
Average weight per 

12 

20 ’ 

30 

200 

38 1 

1 

200 1 

25 

200 

gland, grams 

0 3 

0 9 

2 2 

12 0 

0 16 

1 3 

0 05 

3 2 

Moisture, per cent 
Soluble in petroleum 

86 0 

83 0 

78 3 

74 2 

84 5 ' 

73 7 

84 9 

72 7 

ether, per cent 
Desiccated fat-free 


2 2 

2 8 

6 3 

1 2 

5 0 

1 

8 5 

gland, per cent 
Epinephrine in desic- 


14 8 

18 9 

19 5 ; 

| 

14 3 

21 3 


18 8 

cated fat-free gland, 
per cent 

1 

1 1 

3 5 | 

3 5 t 

4 0 

2sj 

2 0 

1 0 

1 75 

1 20 


A NEW METHOD FOR THE DETERMINATION OF 
TOTAL NITROGEN IN URINE 

Bt OTTO FOLIN ant> CHESTER J FARMER 

(From (he Biochemical Laboratory of Harvard Medical School, Boston ) 

(Recened for publication, Apnl 12, 1912 ) 

No one analytical method has done so much to further metabo- 
lism investigations as Kjeldahl’s method for the determination 
of total nitrogen While applicable to all kinds of nitrogenous 
products of interest to the biochemist it has proved particularlj 
serviceable m urine analysis In its modem modifications it is 
one of the most rapid, convenient and accurate methods we have 
At first sight it might therefore seem a thankless and superfluous 
task to attempt to find a substitute for such an admirable tool 
for research Our original idea in attempting to find another 
method for the determination of total nitrogen in urine mas, 
however, to fill a gap uhich Kjeldahl’s method does not fill, it 
just falls short of being suitable for clinical work except m the 
very best hospital laboratories 

Our original purpose was to decompose an accurately measured minute 
quantity of urine by means of sulphuric acid and mercury Then, making 
use of the mercury for the formation of Nessler’s reagent, produce the color 
reaction directly in the digestion mixture We should thus have had an 
ideal clinical method Because of the difficulties encountered in trying 
to overcome the turbidity produced on Nesslenzmg the amm onia in such 
mixtures we have temporarily at least abandoned that scheme 

In principle our new method may be described as a microchemi- 
lcal method based on the Kjeldahl-Gunnmg process for decom- 
posing nitrogenous materials and on the methods of Nessler and 
of Fohn for the determination of ammonia Rapidity in every 
stage of the process is secured by reducmg the amount of urine 
taken for an analysis In the ordinary Kjeldahl deter min ation 
from 30 to 100 mgms of mtrogen is used while we work with 
only about 1 mgm To many it may at first seem questionable 
whether a considerable element of error is not inevitably mtro- 
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duced by reducing the amount of urine taken for a determination 
to the quantitative nitrogen level that is employed in water analy- 
sis The accuracy of analytical results depends, however, far 
more on the nature of the chemical reactions employed than on 
the quantity of material actual]}’ weighed or measured By means 
of suitable so-called Ostwald pipettes 1 1 cc can easily be measured 
to within an accuracy of about 0 1 per cent and so far as this one 
phase of the work is concerned nothing is gained by using 5 or 
10 cc 2 The only precaution called for m the use of these pipettes 
is to let them dram against the sides of the test tube for ten sec- 
onds and then blow them out clean so that nothing is left behind 
in the tip One cubic centimeter of urine contains ordinarily 
from 5 to 20 mgms of nitrogen For colorimetric work with 
Nessler’s reagent even 1 cc of urine is therefore much more than 
can be advantageously used, although we have improved the 
Nesslerization process so that several milligrams of ammonia can 
be satisfactorily determined colorimetncally We occasionally 
used 1 cc of undiluted urme and titrate the ammonia, as m the 
Kjeldahl method (see p 500) For the colorimetric determina- 
tion, however, we invariably dilute the urme until 1 cc contains 
from 0 75 to 15 mgms of mtrogen 

The method, as we have now used it in this laboratory for 
nearly two years, is as follows 

Five cubic centimeters of urme is measured into a 50 cc measur- 
ing flask if the specific gravity of the urine is over 1 018, or into 
a 25 cc flask if the specific gravity is less than 1 018 The flask 
is filled to the mark with water and inverted a few times to secure 
thorough mixing One cubic centimeter of the diluted urme is 
then measured into a large test tube made of Jena glass (size 20 
to 25 mm by 200 mm ) To the urine in the test tube add 1 cc 
of concentrated sulphuric acid, 1 gram of potassium sulphate, 
1 drop of 5 per cent copper sulphate solution and a small, clean 
quartz pebble (to prevent bumping) Boil over a micro-burner 3 

1 Oswald-Luther Physiko-Chemische Messungen, 2d ed , p 135 

2 From Eimer and Amend can now be obtained the kind of pipettes 
■n hich we use in our work The only difference between them and Ostwald ’s 
is that they are made of thicker glass tubing and the stems are longer 

3 The microburner, No 2587 Eimer and Amend, is very satisfactory 
The flame must of course not be so high as to unduly heat the test tube 
above the liquid 
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for about six minutes, i e , about two minutes after the mixture 
has become colorless Allow to cool about three minutes until 
the digestion mixture is beginning to become viscous (it must not 
be allowed to solidify) Then add about 6 cc of water, at first 
a few drops at a time, then more rapidly so as to prevent the 
mixture from solidifying To the acid solution is then added an 
excess of sodium hydrate (3 cc of saturated solution) and the am- 
monia is aspirated by means of a rapid air current into a measur- 
ing flask (volume 100 cc ) containing about 20 cc of water and 
2 cc of -fir hydrochloric acid The air current used for driving 
off the ammonia may well be rather moderate for the first two 
min utes but thereafter for eight minutes should be as rapid as 
the apparatus can stand 

Now disconnect, dilute the contents m the flask to about 60 
cc , and dilute similarly 1 mgm of nitrogen, m the form of ammo- 
nium sulphate (see p 496), to about the same volume m a second 
measuring flask Nesslenze both solutions as nearly as possible 
at the same time with 5 cc of Nessler’s reagent diluted immedi- 
ately beforehand with about 25 cc of water (Five cubic centi- 
meters of Nessler's reagent gixes the maximum color with 1 to 
2 mgms of ammonia and when diluted as indicated turbidity is 
avoided ) The color produced does not reach the maximum till 
the end of about half an hour but the increase is small and is 
immaterial to the result when the reagent is added as descnbed, 
i e , practically simultaneously to the standard and to the unknown 
ammonium salt solution The two flasks are therefore at once 
filled to the mark with distilled water, mixed, and the relative 
intensity of the colors is determined by means of a colorimeter 

In malnng colorimeter readings it is important to adjust the unknown 
to that of the standard both from above and from below the level of the 
latter If the color is adjusted only from above one is apt to consider the 
two fields equal when the unknown is still too dark, and if from below the 
reverse is the case This is true for any kind of comparison of colors or 
of light intensity 

In all of our work we have used the Duboscq colorimeter X much 
cheaper instrument designed by Professor White of Harvard University 
pnmanlj for use m the iron and steel industry we have also found fairly 
serviceable 

The calculation of the result is simple The reading of the 
standard di\ ided by the reading of the unknown gix es the nitro- 
gen in milligrams in the \ olume of urine taken 
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It has taken us a long time to devise the above simple pro- 
cedure for the determination of nitrogen m urine 

1 At first we were unable to secure satisfactory results because 
our standard ammomum sulphate solutions were not trustworthy, 
notwithstanding the fact that they gave practically theoretical 
results when their ammonia was determined by distillation and 
titration Other salts of ammonia were even worse than the 
sulphate Because of this fact our results were too high and we 
were led to suspect the presence of ammonia or other nitrogenous 
products in our reagents The error was due to pyridine bases 
present m all ammomum salts These bases titrate hke ammonia 
but do not give the reaction with Nessler’s reagent 

Pure ammonium sulphate can be made by decomposing a high grade am- 
monium salt with caustic soda and passing the ammonia gas into pure 
sulphuric acid by means of the air current The salt so obtained is pre- 
cipitated by the addition of alcohol, is redissolved in water and again pre- 
cipitated with alcohol and finally dried in a desiccator over sulphuric acid 4 

2 Another difficulty which we had to overcome was the fre- 
quency with which the Nessler reagent produced turbidity instead 
of clear solutions In water analysis the amounts of ammonia 
are very small though even in water analysis failures due to this 
cause are not uncommon Winkler’s modification of Nessler’s 
solution consisting m substituting mercuric iodide for the chloride 
m the preparation m the reagent represents an effort to prevent 
turbidity The remedy which we finallj r discovered consists, as 
indicated m the above description, m diluting the reagent with 
about five volumes of water When so diluted the reagent can 
literally be dumped into the ammonia solution even when as much 
as 2 mgms is present, and the result is a deep wine color but no 
turbidity If turbidity does occur it is because the Nessler solu- 
tion is not sufficiently diluted with water before being added to 
the ammomum salt solution To secure the maximum color, 
the reagent is. however, best added about one third at a time 
The diluted Nessler-Wmkler solution does not keep for more than 
a few minutes, a brick red precipitate settling out, hence the 
dilution should not take place until just before it it needed When 

4 Dr R L Emerson, Boston, nov, prepares our ammonium sulphate 
for us in the manner described 
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once added to the ammonium salt solution, even though the 
amount of ammonia present be very small, the decomposition 
of the reagent is checked 

3 As m nearly all other quantitative colonmetnc comparisons 
it is here necessary for accurate work that the amount of color 
produced in the unknown should be reasonably near that of the 
standard (see, however, p 534) Using 1 mgm of nitrogen as 
a standard, the unknown should contain between 0 75 and 1 5 
mgms If much more or considerably Jess nitrogen is present 
the colorimetric readings become less accurate The standard 
can be set at any desired depth, but 20 mm represents the stand- 
ards we ordinarily use (with the Duboscq colorimeter) 

The color is extremely easy to read quantitatively Diffused 
daylight is by far the best but it is possible to get fairly reliable 
readings with an electnc hght by interposing a sheet of smooth 
white paper between the source of hght and the colorimeter, care- 
ful adjustment of the instrument so as to secure equal illumination 
m both fields is, however, imperatively necessary -when artificial 
hght is used 

4 In order to remove the ammonia from the digestion mixture 
in the shortest possible time the volume of the solution should be 
kept at a minimum There is danger of loss of ammonia, however, 
if this attempt to keep down the volume is earned too far, for 
when sodium or potassium sulphate settles out, as it will do imme- 
diately on adding the alkali if the volume of water previously 
added is too small, it carries down more or less ammonium sul- 
phate The sulphates must therefore not begin to come down 
until the air current has already remoxed the greater part of the 
ammonia, i e , until it has been going a couple of minutes Aiter 
this tune and when the solution is getting cold, more or less sul- 
phate invariably settles out but this does no harm It is of course 
perfectly feasible to dilute the digestion mixture with more than 
the 6 cc of water presenbed above and thus entirely avoid the 
formation of any precipitate but the conditions described are 
the most advantageous and when followed, e\ery trace of ammo- 
nia present in the digestion mixture will be removed bj a strong 
air current m eight to ten minutes 
5 The most comement method for adding 3 cc of saturated 
sodium hydroxide solution to the warm digestion mix ture is to 
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suck it up into the glass tube which goes to the bottom of the test 
tube and through which the air is forced through the alkaline 
mixture 6 By means of a short rubber tube and a pmch cock the 
tube is temporarily used as a pipette for the transference of the 
alkali 

6 In Folin’s air current method the ammonia was made to 
pass through a filter consisting of a calcium chloride tube filled 
with cotton wool In this case no such filter is needed and is less 
desirable because of the small amounts of ammonia involved 
A cheap (unmarked) 5 cc pipette is used instead as shown m 
the drawings 

It is, however, highly desirable, if not necessary, to prevent 
the concentrated alkaline sulphate solution from splashing up 
mto the tube (made from the pipette) for if much gets there a 
little will creep up along the sides of the tube and get into the 
receiver Since the air current is to be a rapid one this is likely 
to happen if nothing is done to prevent it A simple yet very 
effective trap is shown m the drawings below It consists of a 
circular piece of rubber cut out of a two-holed rubber stopper or 
rubber matting about a quarter of an inch thick and is slipped 
on to the glass tube which reaches to the bottom of the test tube 
It should be small enough to easily get into the test tube yet 
large enough to prevent the splash from striking the opening of 
the exit tube One or two notches are cut into the edges so that 
the liquid which does get above the trap can easily flow back again 
without obstructing the air currents 

7 In most modern laboratories compressed air is available 
and where that is the case the air (and ammoma) is pushed through 
the apparatus This is the most convenient method for isolating 
the ammonia since it is to be collected m a measuring flask the 
neck of which is not wide enough for a two-hole rubber stopper 
The necessary air current can, however, be obtained without 
much trouble from a good suction pump The air should be 
washed free from any traces of ammoma it may contain by passing 
it through a bottle of dilute sulphuric acid When suction is 

6 It is important that the glass tubes passing through the rubber stopper 
should not be too large for the holes in the stopper If the latter remains 
perfectly round the test tube is most easilj closed perfectly tight without 
using undue pressure 
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employed the ammonia is not absorbed directly m the measuring 
flask for the reason stated above It is collected m a second 
large tube in 2 cc of -&■ acid and about 5 cc of water The am- 
monium salt solution is then rinsed mto the measuring flask with 
40 to 50 cc of water and is then Nesslenzed as described 


The drawings below illustrate 
how the apparatus is set up for 
use (a) with compressed air or a 
force pump, (b) with a vacuum 
pump When the short rubber 
tube carrying the pinch cock 
is withdrawn the alkali gets mto 
the digestion mixture Connec- 
tion with the air current is then 
made and the aspiration is begun 
8 The acid in the volumetric 
flask used as a receiver should 
be small in amount for with a 
large excess present the color de- 
velops rather more slowly Two 
cubic centimeters of tenth normal 
acid is enough for the retention 
of 2 mgms of ammonia nitrogen 
In order to secure perfect ab- 
sorption of the ammonia a glass 
tube sealed at one end but con- 
taining three or four little holes 
drilled into the tube by means 
of a hot platinum wire is used 
Such a tube can be made in a 
fetv minutes and is adequate as a 
substitute for the special absorp- 
tion tube used by Folm for the 
absorption of larger amounts of 
ammonia 6 



Fig 1 Apparatus for Use with 
Compressed Air 


9 The microchemical method for the deter mina tion of nitrogen 


* ^ an 3 seem to ha\ e trouble about making holes by means of the hot 
platinum wire Bj having the glass only moderately hot (not hot enough 
to be soft) and keeping the wire at a white heat all difficulties are avoided 
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has been described above exclusively on the basis of colori- 
metric comparisons with standard ammonium salt solutions The 
colorimetric principle is, however, not indispensable One cubic 
centimeter of urine previously diluted mth an equal volume of 
water can be decomposed as described above and the ammonia 


AIR 

FROM 

WASHBOTTLE 



*-* SUCTION 


obtained is enough to titrate with a very fair degree of accuracy 
by the help of t?t acid and ^ alkali using alizarin red as indicator 
The process is in every way similar to the method described on 
the preceding pages, except that the ammonia is collected m an 
ordinan small Florence flask (instead of in a measuring flask or 
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test tube) containing 10 cc of -nr acid and about 40 cc of water 
The solution is titrated in the ordinary manner, and the end point 
is sufficiently sharp to give very satisfactory results Results 
obtained in this way are recorded below Those who are color 
blind as well as those whose ability to match colors is rather poor 
can use the above miniature Kjeldahl process to good advantage 
Had the problem been purely a problem of total nitrogen deter- 
minations it is doubtful whether it would have been worth all 
the time that it has cost to develop the colonmetnc procedure 
after it once had become clear that the color reaction seemingly 
could not be applied directly to the digestion mixture (see p 
493) As will be seen from the other analytical methods now pub- 
lished (see pp 507-536) the total nitrogen determination was only 
one part of a general colonmetnc scheme of analysis 
The determinations recorded below are cited to show the accu- 
racy of our new method for the determination of nitrogen m urrne 
The middle column represents figures obtained by titrating the 
ammonia as descnbed above The figures represent grams of 
nitrogen per liter of unne 


NEW METHOD 


KJEEDAHE 8 METHOD 


1 I 

2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 


7 9 
10 0 
3 7 
10 5 
3 8 
9 4 

7 5 
9 2 
9 0 
9 3 

8 5 

9 1 

9 1 
5 2 
3 7 
7 5 

7 5 

8 4 
13 1 

10 0 


8 1 
10 2 
4 1 
10 0 
4 1 
9 3 
7 3 
9 3 
9 1 
9 1 


**- 


8 0 
9 9 
3 7 
10 2 
3 9 
9 2 

7 3 
9 2 
9 0 
9 2 

8 3 

9 3 

9 4 
5 3 
3 7 
7 7 

7 6 

8 4 
13 1 

10 2 


Diabetic unne 

Diabetic unne 
Nephntic unne 
Nephntic unne 




AN APPARATUS FOR THE ABSORPTION OF FUMES 


By OTTO IDLIN' and W DENIS 

{From the Biochemical Laboratory of Harvard Medical School, Boston ) 

(Received for publication, April 12, 1912 ) 

The new microchemical method for the determination of total 
nitrogen in urrne described in the preceding paper requires very 
little in the way of laboratory equipment except a hood to carry 
off the sulphuric acid fumes The decomposition of even a trace 
of urine with boiling sulphuric acid does produce more imtatmg 
fumes than would be tolerated m any small laboratory though the 
amount is insignificant compared with that produced m an ordinary 
Kjeldahl digestion 

To overcome this difficulty we have devised an inexpensive 
little apparatus which has proved surprisingly effective for the 
removal of such fumes 

As originally made it consisted merely of a broken pipette 
resting on top of the test tube in which the fumes were generated 
and drawing off the fumes by means of a water pump (an ordinary 
cheap one made entirely of glass) For the sake of safety we led 
the fumes through a large bottle containing a 10 per cent solution 
of sodic hydrate We still use this bottle as an accessory although 
we now know that very little acid comes off and believe that it 
would probably be perfectly safe to let the fumes run directly 
through the pump and into the pipes that carry off the water from 
the latter 

This arrangement had one drawback There was always more 
or less condensation of acid and water in the body of the pipette 
and this acid solution would dram back into the test tube and 
thus delay the process of decomposition and m addition would 
dnp on the table top when the absorber was removed from the 
test tube To overcome this deficiency we sealed up the lower 
end of the pipette and while still hot and soft mvagmated it by 
pushing the bottom upwards by means of a pomted stick of v. ood 

s°3 
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A small hole was then made with a long wire nail m the tip of the 
invagination and we thus secured a capacious pocket large enough 
to hold the condensed water and acid obtamed from a dozen 
digestions (see illustration) The fume absorber thus made is 



abundantly capable of taking care of all the fumes made m the 
ordinary Kjeldahl, or Neumann digestion as well, and we now do 
not use the hood at all for such purposes With the additional 
help of funnels cut off half an inch above the stem and ground 
smooth on a wet grindstone, the apparatus, we find, can even be 
used for canymg off fumes from beakers and evaporating dishes 
The accompanying photograph shows a somewhat more elaborate 
apparatus and how it may be used for carrying off fumes from 
test tubes, flasks, beakers and evaporating dishes 

This apparatus is made for four exhaust tubes run by a single 
pump To accomplish this a large bore glass tube carrying four 
side tubes connects on the one hand with the pump (or rather 
with the bottle containing the alkali) and on the other with the 
individual absorbers The only important point about its con- 
struction is that the side tubes shall be of such a diameter that 
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the bent stems of the absorbers can just shp in for a distance of 
several inches The joint thus made, particularly when wet, is 
quite tight enough and no rubber connection is needed One 
or two or all the exhaust bulbs can be used without changing 
anything and when any one exhaust tube has been used a number 


' FI* 
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of times and is nearly full of condensed water and acid it is simply 
withdrawn, emptied and rinsed, and is again read} for use 
We believe that the single absorber at each student’s desk 
might prove a valuable accessory m class room laboratories where 
hoods so often are inadequate and ineffective 1 


1 Eimer and Amend now make the apparatus for us and it will be listei 
in their next catalogue 
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I Observations on my magnesium chloride method and on Ben- 

dict’s method 507 

II A new method in which the urea is decomposed with phos- 
phoric acid 512 
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1 

The apparent simplicity of the magnesium chloride method 
for the determination of urea m unne has proved rather deceptive 
and although this method probably has been used and is still 
used more frequently than any other in connection with metabo- 
lism work the literature which has grown up around it during 
the past ten years is not lacking m unfavorable criticisms 
The chief source of error m the determination is due to incom- 
plete decomposition of the urea Earlier investigators (Hugoun- 
enq, Kossel) had shown that urea is quantitatively decomposed 
when heated for a short time in sealed tubes or in the autoclave 
and had published methods for the determination of urea m urine 
based on that principle In the magnesium chloride method 
the boiling point of the mixture containing the unne or urea solu- 
tions is raised by the addition of the salt and the rather high 
temperature needed for the speedy decomposition of the urea is 
thus secured m a most convenient manner The essential point 
m the process is of course that a temperature of not less than 150° 
shall be maintained m the urea solution for the prescribed period 
Lack of experience m how to obtain and to maintain this tem- 
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perature is the chief cause of the failures to get accurate results 
One important factor m this decomposition of urea into ammonia 
and carbonic acid has, however, not been adequately recognized, 
namely this, that the time necessary for the complete decompo- 
sition of urea under uniform conditions of volume and temperature 
depends very materially on the amount of urea to be decomposed 
That the tune of decomposition of urea depends among other 
factors upon the amount taken is of course an elementary, self- 
evident proposition but that the small amount of urea repre- 
sented by the difference between 5 cc of dilute and 5 cc of con- 
centrated urine may require almost a whole extra hour’s heating 
(at 150°C ) is anything but self-evident In this fact is to be 
found the explanation why the time of heating m the method has 
been gradually increased from thirty minutes to an hour and a half 
It also mdicates that the heating time can again be reduced to 
thirty or forty minutes by limiting the amount of urea taken for 
an analysis to a maximum of 60 or 70 mgms 

In 1908 Kober 1 called attention to the fact that the long dura- 
tion of the distillation of the ammonia m the determination of 
urea is due not to the formation and subsequent decomposition 
of cyanunc acid derivatives, as I had suggested in my first paper 
on the subject, but that it is due to the presence of the large 
amounts of magnesium chloride 

That such is the case I had found a couple of years before the 
appearance of Kober’s paper when I tried to remove the ammonia 
by distillation from a large batch (several pounds) of magnesium 
chloride The hypothesis that condensation products similar to 
those obtained when urea is heated m a dry condition may be 
formed was advanced on the basis of the assumption that free 
water is practically absent from the mixture, 2 an assumption 
recently revived by S R Benedict 3 as explaining why the method 
is more accurate than the autoclave methods 

Kober implied that it is practically impossible to distil off am- 
monia from solutions containing magnesium or calcium salts and 
by inference that my method for determining urea is hopelessly 
unsuitable Without publishing any experiments on the subject 

1 Journ Amor Chem Soc , xxx, p 1279, 1908 

2 Zeitschr f physiol Chem , wxvi, p 336, 1902 

s This Journal , Via, p 415, 1910 
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Kober leaves it to be understood as "quite obvious” from the 
mass law and the reversible reaction 

MgCl, + 2 NH<OH «=± Mg(OH)« + 2 NH4CI 

that the ammonia cannot be obtained by distillations from solu- 
tions containing 15 to 20 grams of calcium or magnesium salts 
as in my method for determining urea 
In a recent article on the determination of urea Hennques 4 
and Gammeltoft have reproduced Kober’s deductive argument 
against my method in a rather more specific and positive form 
Experiments on the subject are, however, still missing 
But the mass law is only generalmation The reversible reac- 
tion quoted above conveys no information as to the final outcome 
of the distillation of ammonia in the presence of magnesium salts 
The analogous reaction 

Na S0 4 +2NH,0H?^2Na0H+ (NHibSO, 

can equally well be presented for the ammonia distillation m the 
Kjeldahl process yet we know from experience that distillation 
yields satisfactory results 

The question how completely ammonia can be obtained from 
ammonium salts under the conditions of distillation prevailing 
m the urea determination is of course easily determined experi- 
mentally The results cited below vere obtained in November 
1908 in the order given from a standard ammonium sulphate 
solution (25 cc of which contained 25 5 cc •& NH3) when dis- 
tilled for one hour with 15 grams of magnesium chloride, 5 700 to 
800 cc water and 20 cc 7 5 per cent sodium hydrate solution 


(1) 

25 

5 

(7) 

25 

4 

(12) 

25 

5 

(18) 

25 

45 

(2) 

25 

5 

(8) 

25 

4 

(13) 

25 

3 

(19) 

25 

35 

(3) 

25 

25 

(9) 

25 

5 

(14) 

25 

4 

(20) 

25 

4 

(4) 

25 

25 

(10) 

25 

5 

(15) 

25 

6 

(21) 

25 

35 

(5) 

25 

5 

(ID 

25 

5 

(16) 

25 

5 

(22) 

25 

4 

(6) 

25 

5 

(12) 

25 

3 

(17) 

25 

5 

(23) 

25 

4 


When the amount of ammonia m the solution was doubled so 
that it contained 51 cc NHs the results of the distillation 

* Skand Arch f Physiol , xxv, p 154, 1911 

* The magnesium chloride used was free from amm onia and as it was a 
fused salt (m sticks) 15 grams were used instead of 20 grams for these dis- 
tillations just as in the urea determinations 
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were less satisfactory After one hour’s distillation the following 
figures were obtained 

( 1 ) 50 3 ( 5 ) 49 9 ( 9 ) 50 1 

( 2 ) 50 3 ( 6 ) 49 8 (10) 50 25 

(3) 50 0 ( 7 ) 49 9 ( 11 ) 49 9 

( 4 ) 50 3 ( 8 ) 50 0 

When distilling according to the directions given for urea deter- 
minations, % e , until the distillates failed to give an alkaline reac- 
tion with litmus paper, the figures cited below were obtained (m 
about one hour and twenty minutes) 

( 1 ) 50 8 ( 3 ) 50 65 ( 5 ) 50 65 ( 7 ) 50 85 

( 2 ) 50 7 ( 4 ) 50 5 ( 6 ) 50 6 ( 8 ) 50 7 

The above results are m harmony with the fact that so many 
different investigators not onty m my laboratory but m many 
other laboratories have obtained satisfactory results for the nitro- 
gen of pure urea solutions The difficulties m so far as there 
have been any have come when urmes of various concentrations 
were substituted for the urea solutions and the chief cause of 
these difficulties as mentioned above has been the incomplete 
decomposition of the urea 

The chief criticisms raised against the magnesium chloride 
method for the determination of urea is not that it is less accu- 
rate than any other method but that too much skill, experience 
and time is necessary m order to obtain reliable results 6 

In his last paper on the estimation of urea S R Benedict (loc 
cit ) describes a new method which he believes to be very accurate, 
giving figures slightly lower than those obtained by means of 
the magnesium chloride method, though “the agreement between 
the two methods is often as close as two duplicate determinations 
by the same method ” 

In working on pure products, creatinine, uric acid, and allan- 
tom, Benedict finds that whatever difference there is between 
the two methods is rather in favor of his new one He clearly 
recognizes, however, that the ammonia obtained from those pro- 

s It is interesting to note that this criticism comes chiefly from Amer- 
ican laboratories where metabolism experiments for the past few years 
have been conducted on a wholesale, factory-like basis 
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ducts in urine work is negligible and accordingly recommends the 
use of sodium hydroxide instead of sodium carbonate for distilling 
off the amm onia As a matter of fact the method which he thus 
recommends would yield according to his own experiments fully 
as much ammonia from creatinine + unc acid as does the "Folm” 
method, and he did not try this method~with allantom As the 
method he did try with allantom decomposed more than 50 per 
cent of 30 mgms it is reasonably certain that it would decompose 
quantitatively such small traces of allantom as may be present 
m 5 cc of urme 

The following urea determinations m urines made by Benedict’s 
method (using sodium carbonate as alkali) and by the magnesium 
chloride method show that the two do indeed } ield substantially 
the same results The figures represent grams of nitrogen per 
liter of urme 


FOLTSS METHOD 

BEVEPICT B METHOD 

VEVT PHOSPHORIC ACID 
METHOD* 




0 1 

5 2 

5 2 

6 6 

6 6 

6 5 

2 9 

2 8 

2 8 

2 7 

2 7 

2 7 

3 3 

3 4 

3 3 

14 4 

14 2 

14 1 

59 

5 8 

5 7 

17 5 

17 4 

17 4 

12 8 

6 5 

12 8 

6 5 

12 7 

2 0 

2 0 

2 0 

8 8 

8 7 

8 7 

8 0 

8 5 

S 6 

7 4 

7 2 

7 3 

S 9 

8 8 

8 S 

9 5 

9 4 

9 4 

Seep 512 




The magnesium chloride method as used for the above determi- 
nations has been someuhat simplified m that the decomposition 
is earned on in a Kjeldahl flask (capacity 500 cc ) by the help 
of a small so-called micro-burner A large test tube filled with 
cold uater and suspended in the neck of the flask by means of 
a cork or copper wire is used as a condenser Only one-half of 
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the test tube should be inside the Kjeldahl flask After adding 
about 350 cc water (hot) and alkali the ammonia can be dis- 
tilled off directly from the Kjeldahl flask m about an hour not- 
withstanding the higher initial concentration of the magnesium 
chloride 


ii 

On p 508 I indicated that since the decomposition time depends 
m a large measure on the actual amount of urea to be decom- 
posed that time could be very materially reduced by diluting the 
urine so that not over 60 or 75 mgms of urea is used for each 
determination At best, however, the determination would prob- 
ably require over two hours by the magnesium chloride method 
The task which I have endeavored to accomplish was to evolve 
a method for the determmation of urea which should at least 
approximate m speed and convenience the method for total nitro- 
gen described m the preceding paper 

The problem was to decompose one or a few milligrams of urea 
and either titrate the ammonia with very dilute acid and alkali 
or to determine it colonmetncally by means of Nessler’s solution 
The magnesium chloride was found not to be suitable as a 
means of producing the necessary temperature on such a small 
scale The procedure described below accomplishes the purpose 
fairly well with 1 cc of undiluted urine 

Measure the urine (1 cc ) with an Ostwald pipette into a Jena 
test tube Add three good sized drops of pure phosphoric acid, 
one drop of indicator (alizarin red), a few grams of talcum povder 
and boil the mixture over a free flame until about one-half of the 
water has escaped This requires only two to three minutes 
Now place the test tube m a bath (paraffin, oil, or sulphuric acid), 
previously heated to 175° to 180°C for fifteen minutes The 
urea is completely decomposed m that time The content of 
the tube is then dissolved by the addition of water (1 to 2 cc ) 
and a little heat After addmg 0 5 to 1 cc of 50 per cent caustic 
potash 7 the ammonia is removed by a strong air current m ten 
minutes It is collected m 25 cc of A hydrochloric acid and the 
excess of the acid is titrated with nhr sodium hydroxide using 

T K0 H is better than NaOH because of the greater solubility of potas- 
sium phosphate 
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alizarin red as indicator With the paraffin bath m order this 
determination can be finished in about half an hour Results 
obtained m this manner and calculated m grams per liter are cited 
on p 511 No one would hesitate to consider those figures satis- 
factory They were obtained by Mr Pettibone only after several 
months’ fruitless endeavor m other directions 

m 

The method just described while representing a great saving 
of time when compared with any other reliable method was not 
considered entirely satisfactory Like Benedict’s new method 
it depends on a bath, kept at a certain temperature, for the heat 
that is to decompose the urea While this may not be much of 
a drawback, particularly if one has to make a large number of 
determinations at the same time, still it is a drawback that it 
seemed worth while to endeavor to get rid of To solve the prob- 
lem I have returned to the principle used m the magnesium chloride 
method, u, the use of a salt to obtam the high boiling pomt 
necessary for the speedy decomposition of urea 

The salt finally adopted for this purpose is potassium acetate 
B 3 means of this salt any temperature up to 158° to 160° can be 
obtained Potassium acetate is unfortunately somewhat hygro- 
scopic though less so than magnesium chlonde The hj groscopie 
quahty is, however, more objectionable m the new method about 
to be described because one of the advantages striven for is to 
get around the preliminary boiling off of water called for m the 
phosphoric acid method just described as well as in my earlier 
magnesium chlonde method and m Benedict’s method With 
any dry salt and a definite amount of water any given tempera- 
ture which that salt is capable of givmg might be obtained at 
once without any preliminary concentration provided enough of 
the salt is taken Bemg rather hj groscopie, the different brands 
of potassium acetate on the market differ markedly m the amount 
of water they contain The best German brands are sufficiently 
dr} for the purpose here involved while the Amen can brands, as 
at present sold, contain len much more water and should be 
dried before bemg used The salt loses its water very readily 
and we drj it, about a pound at a time b} having it m a large 



Determination of Urea 


5H 

porcelain dish standing on a warm plate (at about 115°) for about 
twenty-four hours The plate must not be too hot as the acetate 
decomposes rather easily The method described below is based 
on the use of such dry salt 

An important accessory m this new procedure for the deter- 
mination of urea is a temperature indicator This indicator was 
originally devised for use in connection with the magnesium 
chloride method but it has proved less useful there than in con- 
nection with the new method because m the old method so much 
coloring matter is formed as to obscure the indicator This tem- 
perature indicator consists of powdered chloride-iodide of mercury 
(HgICl) inclosed m a sealed glass bulb not over 1 mm m diameter 
This salt is bright red at ordinal temperatures At 118°C it 
turns lemon yellow and melts to a clear dark red liquid at 155°C 
It solidifies again at about 148°C and resumes its red color grad- 
ually only in the course of about twenty-four hours The melting 
point temperature 153°C is fortunately a temperature very read- 
ily obtained and maintained by means of potassium acetate and 
as the acetate begins to cake and solidify at 160° to 161° there is no 
danger m this combination of having either too high or too low 
a temperature without its being unmistakably apparent 

The salt m question, HgICl, is prepared by heating m a dry 
state intimately mixed mercuric chloride and mercuric iodide in 
molecular proportions at 150° to 160°C for six to eight hours 
At the end of the heating the product should be powdered and 
used as it is for it cannot be purified by the use of solvents It 
should be kept dry until sealed up as indicated 8 

Since the uiea according to this method is decomposed in a 
practically saturated potassium acetate solution, the acid to be 
used for retaining the liberated ammonia must of course be acetic 
acid Acetic acid m the presence of so much acetate is an ex- 
tremely weak acid In fact it is barely capable of holding the 
ammonia under the conditions of the determination so that for 
a time it was thought that the low results which were constantly 
obtained were due to the escape of ammonia The decompo- 

3 Kohler Ber d d clicm Gcsellsch , xn, p 11S7, 1S79 TJie indicator 
properly sealed up in bulbs as w ell as the other special appliances needed 
m this determination can, however, be obtained from Eimer and Amend, 
New York 
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sition of the urea m this method may therefore be said to be accom- 
plished in an almost neutral medium As indicated by alizarin 
red, the medium is neutral or alkaline, certainly not acid 
The method is as follows 

The urine is diluted so that 1 cc contains 0 75 to 1 5 mgms of 
urea nitrogen Dilutions of 1 in 20, 1 in 10 or rarely 1 in 5 are 
usually adequate for this purpose One cubic centimeter of the 
diluted urine is then transferred by means of an Ostwald pipette 
to a large Jena test tube (200 mm by 20 mm ) previously charged 
with 7 grams of dry potassium acetate (free from lumps), 1 cc 
of 50 per cent acetic acid, a small sand pebble, or better, a little 
powdered zinc (not zinc dust) to prevent bumping during the 
boiling, and a temperature indicator 
The test tube is then closed by means of a rubber stopper carry- 
ing an empty narrow “calcium chloride tube" (without bulb) as 
a condenser (size of calcium chloride tube, 25 cm by 1 5 cm ) 
The test tube and condenser are then suspended by a burette 
clamp or similar device so that it can easily be raised or low ered 
with reference to the small flame of the micro-burner As soon 
as the acetate is dissolved and the mixture begins to boil, which 
usually occurs in about two minutes, the indicator begins to melt 
showing that the desired temperature (153° to 160°C ) has been 
reached The boiling is continued in a gentle, even manner for 
ten minutes at the end of which tune the decomposition of the urea 
is already completed The apparatus is removed from the flame 
and the contents are diluted by the addition of 5 cc of water 
The water is added by means of a pipette through the calcium 
chloride tube so as to rinse the sides of the tube and the bottom 
of the rubber stopper from traces of ammonium acetate which 
maj be there Not more than 5 cc of water should be used for 
this purpose An excess of alkali, 2 cc of saturated sodium hydrate 
or potassium carbonate solution, is added and the liberated am- 
monia is dm en off by means of a strong air current into a 100 
cc measuring flask containing about 35 cc of water and about 
2 cc of -nr acid The time required for this wall of course depend 
on the strength of the air current In this laboratory ten minutes 
is allowed and is abundant The ammonia thus set free is deter- 
mined colonmetncallj against 1 mgm of nitrogen m the form 
of ammonium sulphate exactly as m the total nitrogen determi- 
nation described m the preceding paper 
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In execution the determination of urea described above is about 
as simple and free from complications requiring unusual skill 
or experience as it is possible to make a quantitative method 
While m the process of development, however, this was not the 
case and it sometimes appeared as though it would not be possible 
to find the conditions which could be depended on to yield theo- 
retical results 

For a long time the results were almost invariably too low al- 
though an occasional theoretical figure showed that such was not 
necessarily the case The deficiency in the ammonia found was 
supposed to be due to the inability of acetic acid to prevent its 
escape and numerous futile efforts were made to detect the loss 
and to prevent it In time the losses were found to be due to 
the formation of condensation products which do not give up 
their ammonia to the air current and it was further found that 
the acetic acid concentration or the absence of water was the 
factor which determined this formation Because of the weak- 
ness of acetic acid m concentrated acetate solution, glacial acetic 
acid rather than dilute acid was used to retain the ammonia 
This was "wrong 

With glacial acetic acid and dry'- acetate, whether two or three 
drops or any'- larger quantity is used, the results were almost 
invariably too low And the greater the amount of acid taken 
the greater w r as the loss of nitrogen This fact suggested that 
probably acetamide was formed But when ammonium sulphate 
was substituted for urea there was no loss Later it was found that 
when 1 cc of ammonium sulphate solution contaimng 5 mgms 
of nitrogen or over was used with glacial acetic acid, all of the 
ammonia could not be recovered by means of the air current, though 
it could be obtamed by distillation, thus showing that acetamide 
was probably'- formed But since urea behaved similarly when 
only 1 mgm of urea nitrogen w r as present it was clear that the 
amide formation could not be the cause of the failure to recover 
it all The acetamide theory furnished, however, the solution 
of the problem from the analytical standpoint By substituting 
50 per cent acetic acid for the anhydrous acid the difficulty dis- 
appeared Urea corresponding to as much as 5 mgms of urea 
nitrogen will be completely decomposed by ten minutes’ boiling 
vuth 7 grams of potassium acetate and 1 cc of 50 per cent acetic 
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acid and the ammonia mil be reco\ ered quantitatn ely by means 
of the an- current Five or six milligrams of nitrogen represents, 
hovre\er, the upper limit under the conditions described If 10 
mgms of nitrogen are taken, whether in the form of urea or of ammo- 
mum sulphate, 50 per cent acetic acid does not entirely prevent 
the formation of more or less stable condensation products When 
as much as 10 mgms of ammonia are present there is also danger 
of losing some mechanically for in the upper half of the test tube 
there is then an abundance of ammonia as well as of acetic acid 
vapors during the boiling It is of course desirable that this 
amm onia be kept down as near the boiling kquid as is practicable 
Consequently it is desirable first to avoid bumping and secondly 
to keep the steam pretty well confined 
To keep the steam down the amount of water present m the 
sjstem must be kept low It is possible to get a temperature of 
153°C and over with only 3 grams of potassium acetate and 2 cc 
of water by boiling the mixture so hard that the surplus water 
is constantly kept circulating in the upper part of the test tube 
The v hole test tube and the lower half of the condenser as well, 
will then be very hot from contact with the steam A similar 
result is of course obtained by using 7 grains or even more of 
acetate which is not drj By using 7 grains of reasonably dry 
acetate, how ever, one obtains with 2 cc of water a mixture which 
can be gently boiled above 153°C with the evolution of so little 
steam that the upper part of the test tube remains quite cool 
The flame from the micro-burner neeessarj to maintain boding 
m such a solution need not be 01 er 0 5 cc long and, at that, the 
bottom of the test tube must be some distance above it 9 If too 
much heat is applied the acetate cakes at the bottom of the mix- 
ture, if too little it cakes at the top With the small flame from a 
micro-burner and a windshield it is, however, very easv to keep 
solution boiling without caking 10 

k few additional points should be mentioned in connection 
with this new method for determining urea 


5 Bottomless beakers make excellent windshields for such small flames 
and wind-shields of some sort are indispensable in most laboratories 
10 Such a boiling solution nas once left oier night 3nd was found in 
the same condition, i e , boiling and clear, m the morning 
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1 When the urea is decomposed m boiling acetate solution 
at 150° to 160° that solution as already indicated is only faintly 
acid The solution does not retain quantitatively either acetic 
acid or ammonia and a certain amount of each is present in the 
vapors above the boiling mixture In a pure water solution of 
ammonia and acetic acid, on the other hand, the ammonia does 
not escape with the vapors when boiled provided the am ount 
of ammoma present is not too large The acetic acid vapors above 
the acetate solution therefore probably help very much to keep 
the ammonia from escaping 

2 Bumping m a boiling test tube is always disagreeable In 
this case no bumping whatever is wanted, first because the vapors 
inside are charged with more or less ammoma and secondly be- 
cause m a bumping solution the acetate will suddenly cake at 
the bottom Bumping is easily prevented by the presence of a 
rough piece of gravel the size of an ordinary glass bead A 
small pinch of powdered zmc is even better than the pebble for 
this purpose The acidity of the solution is so weak that the 
action on the zmc in spite of the high temperature is very slight 

3 Curiously enough the presence of the zmc appears to some- 
what modify the hydrolytic power of the hot acetate mixture 
It reduces to a marked degree the decomposition of allantom yet 
does not interfere with the decomposition of urea In the presence 
of zmc not over one half of half a milligram of allantom-N can 
be recovered 

4 The essentially neutral acetate mixture used m this method 
represents probably the mildest direct hydrolysis yet applied for 
the purpose of determining urea m urine Other urinary constitu- 
ents, except of course the ammonia, contribute probably very 
little indeed to the result Neither creatinine nor hippuric acid 
gives even a trace of ammoma Uric acid sometimes seems to 
give enough to make the qualitative test positive, at other times 
the qualitative test is negative and, at all events, the test (whether 
much or little uric acid is taken) is quantitatively imperceptible 
when made m the presence of standard urea solutions (see next 
page) Allantom, as already indicated, may give off about one 
half of its mtrogen m the presence of zmc, otherwise it behaves 
like urea provided its quantity does not exceed 0 5 wgms 
of allantom-N The darkening of urme, conspicuous in the mag- 
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nesium chlonde method, is almost entirely absent in the acetate 
mixture even when undiluted urrne is subjected to the treatment 
In this respect the marked charring effects obtained in the phos- 
phoric acid method descnbed above, as well as m Benedict’s 
acid sulphate method, is rather disconcerting, though apparently 
harmless 11 

5 As with the total nitrogen determination descnbed in the 
preceding paper the best air current is compressed air since the 
ammonia can then most conveniently be collected directly in the 
100 cc measuring flask Suction with a good water pump can 
be used, however, and as we have satisfied ourselves repeatedly, 
will also take out all the ammonia m ten minutes The most 
rapid stream of which the pump is capable should always be used 
for there is no danger of losing any ammonia (see p 523) 

6 For preparation of the standard ammonium sulphate solu- 
tion, the Nessler solution, and for the details of the color com- 
parison, etc , see the preceding paper 

7 Tbs method has been designed primarily for a colonmetnc 
reading of the ammonia As the method is perfectly rehable for 
larger quantities of urea up to 5 mgms of nitrogen titrations 
with solutions may be applied With a colorimeter at hand 
the colonmetnc method is, however, equally convenient and rather 
more accurate 

8 The test tubes m which the urea is to be decomposed should 
he dry The amount of water present in a freshly nnsed test 
tube is considerable, relative to the total amount present m the 
reagents 

The parallel urea determinations recorded below were made 
for the purpose of determining whether this new method gives 
essentially the same values as the magnesium chlonde method 
I expected rather lower results with the new method but this 

11 The home dned potassium acetate used in these determinations was 
as a matter of fact not entirelj free from ammonia when tested quahta- 
tivelj for it The trace found was sometimes a trifle increased, sometimes 
not, after unc acid had been heated in the mixture In no case, however, 
did these traces appreciable affect the color of the amm onia correspond- 
ing to 1 mgm of nitrogen Potassium acetate containing less then 1 per 
cent of moisture and free from ammonia is now made for us by J T Baker 
Chemical Compam , Phillipsburg, N J 
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expectation was not realized The differences are immatenal 
The figures represent grams of urea-N per liter of urine 


COLORIMETRIC METHOD 

JfAGI'IESrtm CHLORIDE METHOD 

14 2 

14 1 

8 2 

8 2 

8 4 

8 5 

6 7 

6 8 

10 5 

10 6 

8 6 

8 7 

3 3 

3 4 


iv 

The determination of urea in urines containing sugar has been 
recognized as a special problem ever since the pubhcation in 1903 
of Morner’s illuminating paper on the different methods then 
available for the determination of urea m human urine Momer’s 
own procedure 12 for the preliminary removal of the sugar has 
remained a tedious but indispensable prerequisite for the deter- 
mination of urea in such urines None of the methods published 
since that time represent any improvement m this respect and 
the determination of urea in diabetic urmes is still a comparatively 
long and laborious operation The colorimetric potassium ace- 
tate method described above appeared at first to be no more 
suitable for sugar urmes than any other In the presence of sugar 
the results obtained were invariably from 20 to 50 per cent too 
low A more systematic investigation of the subject has, how- 
ever, shown that it is possible by means of this method to meet 
the unusual conditions which must be fulfilled if urea is to be 
quantitatively converted mto ammonia m the presence of sugar 
The reason why sugars interfere with the decomposition of urea 
was formerly ascribed to the formation of nitrogenous “melanms” 
but the loss of nitrogen is in all probability due to the formation 
of definite, stable ureids 13 The difficulty involved is therefore 
analogous to the difficulty encountered in the use of acetic acid 
(see p 516) The disturbing effects of acetic acid were overcome 

13 Morner Skand Arch f Physiol , xiv, p 319 
is Folin Amer Journ of Physiol , xm, p 46, 1905 
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fa\ reducing its concentration below the point at which it begins 
to give condensation products with urea The remedy against 
the ureid-forxmng tendency of the sugars is the same 'When the 
amount of sugar present is sufficiently small the combination with 
urea does not take place and the results obtained are quantitative 
The dilution necessary to prevent the fatal ureid formation 
in the case of dextrose is, however, verv great, so great mfact, 
as to be entirely out of reach in the titration methods for deter- 
mining urea 

The presence of 10 mgms of dextrose in the acetate mixture 
used to decompose urea (about 2 mgms ) is accompanied by a loss 
of 40 to 50 per cent of urea nitrogen With 5 mgms of dextrose 
present the loss of urea nitrogen sinks to about 20 per cent and 
this loss remains about the same whether the urea nitrogen present 
is 1 mgm or is reduced to one half or even to one-tenth of that 
amount 

The losses due to sugar depend therefore chiefly on the amount 
of sugar present and onlj to a much smaller extent upon the 
amount of urea to be decomposed One milligram of urea-nitro- 
gen is, however too large an amount for a determination m the 
presence of sugar With this amount a loss of about 5 per cent 
is encountered in the presence of 1 mgm of dextrose 
With the colorimetric method for determining ammonia, a 
method which until now has been used only in water analysis, 
it is of course possible to determine much smaller amounts of urea 
than those corresponding to 1 mgm of nitrogen In fact it was 
only by virtue of the special adaptation of the method worked 
out in this laboratory that it became possible to work with as 
much as 1 mgm or more of nitrogen One tenth of a miligram 
of nitrogen can be determined with a very satisfactory degree of 
accuracy bv diluting the Nesslenzed ammonia to only 10 cc 
(instead of 100 cc) before reading the color But experiments 
hav e shown that 0 1 to 0 3 mgm of urea nitrogen can be deter- 
mined m the presence of as much as 2 mgms of dextrose It is 
therefore possible bj simply diluting diabetic urine until 1 cc 
contains about 0 1 mg of urea nitrogen to determine the urea 
without anv preliminary removal of the sugar when the dextrose- 
nitrogen ratio (D N) is as high as 20 1 
The determination is made as follows 1 cc of unne previouslj 
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diluted from 20 to 100 times is decomposed m the usual manner 
with the potassium acetate and acetic acid The amm onia is 
then driven into a second test tube containing about 2 cc of water 
and 0 5 cc of hydrochloric acid To the contents of this test 
tube are then added first, a couple of cubic centimeters of water, 
then 3 cc of diluted (1 5) Nessler’s solution The colored solution 
obtained is then rinsed and washed into a 10 cc measuring flask 
and the volume made up to the 10 cc mark The whole is trans- 
ferred to a dry cylmder of a Duboscq colorimeter and the depth 
of the color is determined m the usual way against the standard 
containing 1 mg of nitrogen per 100 cc of solution 
The following determinations may be cited to show the extent 
to which the figures for the urea come up with the dilution of 
urines containing sugar 


( 1 ) 

( 2 ) 

(3) 

(4) 


VOLUME OF 
URINE 


4000 
4400 | 

3800 
3800 


DILUTION 

UREA 

NITROGEN 

TOTAL 

NITROGEN 

! SUGAR 


grams 

grams 

per cent 

1 2 

7 6 

14 2 

4 5 

1 20 

12 3 

14 2 

4 5 

1 2 

6 9 

13 0 

4 5 

1 20 

11 0 

13 0 

4 5 

1 2 

5 7 

11 0 

3 7 

1 20 

9 5 

11 0 

3 7 

1 2 

6 7 

11 4 

3 8 

1 20 

9 5 

11 4 

3 S 


The following figures were obtained after adding 10 per cent 
dextrose to normal urines of known urea content 



DILUTION 

UREA NITROGEN FOUND 

TRUE UREA NITKOGE \ 

PER 100 CC 

m 1 

r 

1 10 

0 62 

0 97 

(i) 

i 


0 98 

0 97 


r 


0 45 

0 69 

(2) 



0 69 

0 69 


. 


0 32 

0 50 

(3) 


1 50 

0 50 

0 50 





ON T HE DETERMINATION OF AMMONIA IN URINE 


Bt OTTO FOLIN and A B MACALLTJM 
( From the Biochemical Laboratory of Harvard Medical School ) 

(Received for publication, Apnl 12, 1912 ) 

In Folm’s air current method for the determination of ammonia 
20 or 25 cc of urine is used and from this volume of liquid all 
the ammonia can be removed in from one to three or four hours, 
the tune depending on the rapidity of the an current The accu- 
racy of that method has never been questioned But a number 
of investigators have abandoned the attempt to make use of it 
because they did not have a strong enough air current to work 
with and others, as indicated above, have had to run then air 
currents several hours m order to obtain all the ammonia when 
an hour to an hour and a half should be enough They have 
assumed that the w ater pressure in their laboratories has not been 
sufficient to produce the required air current This is a mistake 
A pressure of 40 to 45 pounds per square inch is probably available 
in most laboratories and such a pressure is sufficient to produce a 
very effective air current provided the water pump used is a 
good one 1 

In the paper on the air current method for determining ammonia 
attention was called to the fact that the rapidity with which a 
given air current removes ammonia from solutions depends very- 
much on the volume of the solution To shorten the time of the 
determination of ammonia in urine it is therefore only necessary 
to reduce the v olume of urine used In the two preceding papers 

‘The water pump listed in the Kny-Scheerer Company’s Catalogue 
(List 120), No 245S, p 272, produces, when properly adjusted, an entireh 
adequate air current with such a water pressure Its only drawback is that 
its attachment nut does not fit am American made thread and its attach- 
ment therefore requires the help of a mechanic It should not be bought 
without the vacuum gauge because the latter makes the adjustment to the 
point of maximum efficiency very much easier 

5*3 
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(on the determinations of total nitrogen and of urea) it was shown 
that ammonia could be removed quantitatively from 10 cc of 
solution in ten minutes or less 

The application of the technique described in those papers to 
the determination of ammonia is more or less self-evident 2 The 
ammonia determination according to this method is carried out 
as follows 

Into a test tube measure by means of Ostwald pipettes 1 to 5 
cc of urme (The volume taken should give 0 75 to 1 5 mgms 
ammonia-nitrogen With normal urines 2 cc will most often 
give the desired amount With very dilute urines 5 cc may be 
required, while with diabetic urines rich m ammonium salts even 
1 cc may give too much and the urine must be diluted ) Add to 
the urine a few drops of a solution containing 10 per cent of potas- 
sium carbonate and 15 per cent of potassium oxalate, and a few 
drops of kerosene or heavy, crude machine oil (to prevent foaming) 
Pass the strong air current through the mixture for ten minutes 
(or as long as is necessary to drive off all the ammonia) and collect 
the ammonia in a 100 cc measuring flask containing about 20 cc 
of water and 2 cc of & acid Nesslerize as described m the paper 
on the total nitrogen determmation, p 495, and compare with 1 
mgm of nitrogen obtained from a standard ammonium sulphate 
solution and similarly Nesslerized 

Results obtained b}' this rapid method and parallel results ob- 
tained by the original air current method are given in the table 
on the opposite page 

It is clear that the figures obtained by the new rapid process 
are practically identical with the figures obtamed h}' the old air 
current method 

No absolutely sharp end-point is obtainable when a rapid air 
current is passed through urme A trace of something capable 
of giving a color with Nessler’s solutions continues to come long 
after all the ammonia has been removed This is a point of dis- 
tinction between urme and ammonium salt solutions What this 

3 The determination of ammonia as described in this paper is not so far 
as the development is concerned a mere application of the principles de- 
scribed in the preceding papers On the contrary the investigation of this 
method was started simultaneously with the other two and was finished 

first 
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Grams ammonia-nitrogen per liter of unne 


FOLIN 8 METHOD 

i 

COLORIMETRIC 

METHOD 

FOLIN 8 METHOD 

COLORIMETBIC 

METHOD 

0 55 1 

0 5S i 

0 80 

0 80 

0 52 

0 54 

0 60 

0 60 

0 44 

0 50 

0 62 

0 62 

0 45 

0 4S 

0 26 

0 27 

0 40 1 

; 0 45 

1 35 

1 38 

0 43 

0 44 ; 

0 51 

0 54 

0 47 

0 47 

0 44 

0 48 

0 42 

0 42 

1 10 

1 09 

0 37 

[ 0 39 

1 99 

2 00 

0 4S 

1 0 50 

1 



substance is w e do not know , though v> e have de\ oted considerable 
time to its investigation The effect of this substance m actual 
ammonia determinations is so small as to be hardly, if at all, 
perceptible 
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NON-PROTEIN NITROGEN, UREA AND 
AMMONIA IN BLOOD 

Bt OTTO FOLIN \N-D W DENIS 

(From the Biochemical Laboratory of Harvard Medical School, Boston ) 
(Received for publication, April 12, 1912 ) 
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IV Determination of the urea 531 

V Determination of the ammonia 532 


The analytical technique described in the preceding three papers 
lends itself peculiarly' well to the determination of total unco- 
agulable nitrogen, urea and ammonia in blood, milk, eggs and 
other liquids where we are dealing with minute amounts of these 
different constituents In two earlier papers results obtained 
by adaptations of these methods to blood analysis were published 1 
The procedures by means of which these results were obtained 
are described m this paper 

I METHOD FOR DRAWING BLOOD 

Before going into the details of the chemical work it would 
seem worth while to describe our method of drawing blood because 
so far as w e hav e been able to learn it is somewhat different from 
the procedures employed by physiologists and because we believe 
it to be expeditious, neat and exact and therefore particularly 
suitable for quantitative work 

We use neither cannulae nor syringes but simph hypodermic 
needles and pipettes The needles are about 1 mm in diameter 
and about 25 mm long They are immersed in a dilute solution 

> This Journal xi, p 87, Ibid, p 161, 1912 
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of vaseline in ether and then allowed to dram and dry on a clean 
paper for a few minutes before being used (This does not apply 
pi course to the drawing of human blood when the needles must 
be thoroughly sterilized ) An adequate supply of these needles 
is kept on hand so that we do not need to use any needle more 
than once m any one experiment The needle is attached to the 
tip of a 2 or 5 cc pipette by means of a short piece of narrow pure 
gum tubing A small pinch of powdered potassium oxalate is 
introduced into the upper end of the pipette (which must be clean 
and perfectly dry) and is allowed to run down into the tip and 
the needle The other end of the pipette is connected with a 
rubber tube which in turn connects with a mouth piece consisting 
of a short tapering glass tube Close to the pipette the rubber 
tube carries a pinchcock 

To draw the blood one of us inserts the needle m the vein or 
artery and the other regulates the flow of the blood by means of 
the pmchcock and by suction The exact quantity of blood 
desired is thus obtained without any waste and without clotting 

IX ISOLATION OF NON-PROTEIN NITROGENOUS CONSTITUENTS 

To separate the non-protein nitrogenous constituents from the 
protein materials we make use of pure (acetone-free) methyl 
alcohol and an alcoholic solution of zinc chloride Ordinary 
methyl alcohol cannot be used because the impurities in it, par- 
ticularly the acetone, combine with more or less of the urea so 
that it escapes decomposition in the subsequent treatment and 
is not quantitatively recovered We have satisfied ourselves by 
means of determinations on pure urea solutions that the presence of 
acetone results m a loss of urea 

As soon as the blood is drawn it is transferred into measuring 
flasks half filled with methyl alcohol and the flasks are then filled 
up to the mark with methyl alcohol and vigorously shaken Tno 
cubic centimeters of blood we dilute to 25, while for 5 of blood 
we use 50 cc flasks At the end of two hours, or as soon after 
that as is convenient, the contents of the flasks are filtered through 
drv filters To the filtrate are then added two or three drops 
of a saturated alcoholic solution of zmc chloride and after stand- 
ing fo" a few minutes the mixture is again filtered through a dry 



Otto Folin and W Denis 


529 


paper The zinc chloride brings down an appreciable precipitate 
and the last traces of colonng matters so that when the second 
filtration is made a perfectly colorless filtrate is obtained Five 
cubic centimeters of these filtrates, corresponding to 0 4 or to 
0 5 cc of blood, depending on whether 2 or 5 cc of blood were drawn, 
are taken for each determination The precipitation procedure 
described above is the one which we ordinarily use There are 
objections to it We are not certain that traces of protem-like 
materials may not escape precipitation by this as by every other 
method and we do know that the filtrate does not contain all of 
the non-protein materials When relatively large quantities (equi- 
valent to 100 mgm of mtrogen per 100 cc of blood) of creatine, 
or asparagine are added to blood and treated as described above 
there is invariably an appreciable loss of material To overcome 
this loss we have tried to triturate and wash the first alcoholic 
precipitate with methyl alcohol, and with some substances, as 
for example, with glycocoll, urea and acetamide, we are thus 
able to get practically quantitative results while with others, such 
as creatine, asparagine, and tyrosine, we still do not get quite 
all Moreover, such trituration and washing does leach out a 
small amount of the colonng matters of the blood so that except 
for special experiments with less soluble substances we consider 
the simpler procedure rather more satisfactory 

In the case of muscle analysis, on the other hand, we thoroughly tri- 
turate and wash with the alcohol Incidentally it should be said that, 
muscles as soon as cut out, while still twitching, are cut with a pair of sharp 
scissors and immediately immersed in methyl alcohol (about 50 cc m an 
Erlenmeyer flash) After being allowed to stand for a few hours the coagu- 
lated muscle is thoroughly ground up and then extracted overnight with 
a fresh portion of alcohol The % anous extracts and washings are then 
combined, filtered into a 100 cc volumetric flash and after the addition 
of a few drops of alcoholic zmc chonde solution, made up to volume with 
methy 1 alcohol and again filtered We invariably start with 5 grams of 
muscle and use 10 cc of the filtrate for each determination of total mtrogen 
as well as of urea 


m DETERMINATION of the total non-protein nitrogen 

To determine the total non-protein mtrogen of the blood 5 cc 
°f the alcoholic filtrate is transferred to a large Jena test tube of 
t e same land as is used m unne analysis (see p 494) One drop 
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of sulphuric acid, one of kerosene and a pebble are added and the 
methyl alcohol is driven off by immersing the test tube m a beaker 
of boiling water for five to ten minutes When the alcohol is 
removed 1 cc of concentrated sulphuric acid, a gram of potassium 
sulphate, and a drop of copper sulphate solution are added and 
the mixture is boiled, cooled and diluted as m the analysis of 
urine (see p 494) 

From this digestion mixture the ammonia is removed m the 
usual manner It is, however, not collected directly m a measur- 
ing flask (as m urine analysis) but m a second large test tube 
previously charged with 1 cc of acid and 2 to 3 cc of water 
The reason for this variation is that 0 4 to 0 5 cc of blood contains 
only 0 1 to 0 2 mgm of non-protein nitrogen The final Ness- 
lenzed solution cannot be diluted to 100 cc and smaller volu- 
metric flasks cannot be used as receivers during the air current 
treatment because of spattering Large test tubes are therefore 
used as receivers and the ammonia is Nesslenzed m these before 
the liquids are transferred to measuring Basks Ordinarily the 
colored solutions obtained from cat’s blood are transferred to 
25 cc flasks and are then found to have a depth of color which 
permits of a sure and accurate reading m the colorimeter In 
some of our absorption experiments the total non-protein nitrogen 
runs up to verj r high figures and then the solutions are diluted 
to 50, sometimes even to 100 cc , before being read in the color- 
imeter 

Human blood contains scarcely more than one half as much 
non-protein nitrogen as cat’s blood In the case of human blood 
we therefore never draw less than 5 cc and we take 10 cc of the 
filtrate for each determination In all other respects we use the 
same procedure for human blood as for cat’s blood In all ordi- 
nary cases 7 to 8 cc of diluted Nessler’s reagent (dilution 1 5) 
are added for the production of the color If much ammonia is 
present so that the resulting colored solution must be diluted to 
50 or 100 cc correspondingly larger amounts of Nessler’s reagent 
are added 

The calculation of the analjdical results to milligrams of nitro- 
gen per ICO cc of blood is not difficult but the formulae given 
below may prove useful In these formulae the standard solu- 
tion contains 1 mgm of nitrogen (as ammonium sulphate) Ness- 
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lerized m a 100 cc flask and the colorimeter prism of the standard 
50 

is set at 20 mihmeters — X D in which R stands for the reading 
R 

of the unkn own and D represents the volume to which its ammonia 
has been diluted gives the desired figure The reason for the 
figures is that we are here working with 0 4 cc of blood 
When 5 cc of blood is taken and it is diluted to 50 the formula 


40 

becomes™ X D 
R 

When working with human blood and taking 10 cc of the fil- 
trate obtained from 5 cc of blood diluted to 50 the formula is 


It may be thought that w e are using unnecessarily small amounts 
of blood in these analyses We are, however, by no means sure 
that working with larger amounts would yield more accurate re- 
sults and we have satisfied ourselves by scores of duplicate analyses 
that the method as outlined gives trustworthy figures Further, 
the smaller the quantity of blood which can be made to give reliable 
results the greater becomes the usefulness of the method The 
work which we have already done on cats could not have been 
done on such a small animal except by means of these micro- 
chemical methods Fmallj, small amounts of blood must be 
used for the urea determinations because of the disturbing effects 
of the sugar present (see p 520) 


IV DETERMINATION' OF UREA 

Having described in some detail the preliminary treatment 
of the blood for the removal of the proteins and also the procedure 
for determining the total non-protein nitrogen, the urea deter- 
mination in blood can be described verj brief!} 

Fi\e cubic centimeters of the alcoholic filtrate from cat’s blood 
(or 10 cc from human blood) are taken for each determination 
This amount is measured into one of the large Jena test tubes m 
which the decomposition is to be made A drop of dilute acetic 
acid and two or three of kerosene are added and the test tube is 
t en closed by a two-hole rubber stopper Through one of the 
0 es m the stopper passes a glass tube drawn out to a capillary 
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several inches long The capillary end reaches nearly to the 
bottom of the test tube Through the other hole passes a short 
bent glass tube which is connected with a good water pump (see 
p 523) The test tube is placed m warm water and the vacuum 
pump is started In ten to thirty minutes the combined action 
of the gentle heat, the air current (through the capillary) and the 
vacuum removes all the alcohol The rubber stopper is then 
removed and the capillary tube is broken off by bending it against 
the sides of the test tube and is left there Two cubic centimeters 
of 25 per cent acetic acid, a temperature indicator, a pebble and 
7 grams of dry potassium acetate are added and the decomposition 
of the urea is accomplished by heating it to 153 to 158°C for 
about eight to ten minutes exactly as in the urea determination 
described for urine (see p 515) 

The ammonia set free by the subsequent air current treatment 
is collected in a large test tube, there Nesslerized (usuallj with 
only 3 cc of the diluted leagent), is made up to volume m a 10 cc 
volumetric flask and the color comparison is made as in the case 
of the total non-protem nitrogen against the same standard solu- 
tion of ammonium sulphate We usually Nesslenze the total 
nitrogen, and the urea, and the standard, all at the same time 
Since only 10 cc is available of the solution corresponding to 
the urea, all of it must be poured into the Duboscq colorimeter 
cylinder for the making of the color comparison Dry cylinders 
must therefore be used If only one cylinder is available the urea 
should be read first We find it extremely convenient, however, 
to have several extra cylinders for the colorimeter and are thus 
able to read a series of urea determinations without stopping to 
rinse and -wipe the inside of the cylinder for each determination 

V DETERMINATION OF THE AMMONIA 

The accurate determination of the ammonia m blood is beset 
with far greater difficulties than any of the earlier inventors of 
methods for its estimation have leahzed The blood decomposes 
spontaneously (and particularly in the presence of alkalies capable 
of setting free the ammonia) at all temperatures even v hen kept 
on ice The ammonia thus produced by decomposition m the 
course of a few hours is much greater than the preformed ammonia 
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present in the strictly fresh blood and when distillation methods 
are applied, whether m the vacuum or otherwise, the determination 
becomes little else than a measure of the decomposition 

The decomposition in tissues such as the liver is even greater than m 
the blood and for this reason (among others) we are of the opinion that 
there is not a single experiment on record proving that macerated liver 
tissue splits off b> h> drolysis the NR- groups from ordinary ammo-acids 
when the latter are added to such tissue 

In view of the instability of blood or of certain components 
of blood the determination of its ammonia can be accomplished 
with a reasonable degree of accuracy onlj by the speediest kind 
of a process Having oncethoroughlj realized this fact the problem 
of determining this ammonia became with us a problem of learn- 
ing to w orh with the smallest possible amount of material — a senous 
problem m new of the minute quantities of ammonia present in 
normal blood 

The Nesslerization process lends itself as does none other to 
the quantitative estimation of small amounts of ammonia but 
instead of working with milligrams, as in unne, or with tenths 
of a milligram, as with blood in the estimation of total nitrogen 
and urea, it became a question of working with hundreths of a 
milligram The quality of the color produced by Nessler’s reagent 
mth ammonium salt depends greatly on the amount of ammonia 
present, the tint is yellow or v ellowish green when the amount of 
ammonia is very small (see p 496) and such faintly colored solu- 
tions can not be read in a Duboscq colorimeter as ordinarily used 
It would of course have been possible to fall back on the pro- 
cedure as it is used and has been used for a long time m water 
anal} sis, but we felt sure that this old process is not as reliable 
as the ammonia determinations we made by the help of a high 
grade colorimeter 

B) means of two important modifications of the Duboscq colori- 
meter we have succeeded in meeting all the necessarj conditions 

The chief reason wh} a dilute Nesslenzed solution cannot be 
read against a much stronger one is that the light is absorbed m 
Passing through a deep Inver of the solution Two such fields 
cannot therefore be made to look alike After having unsuccess- 

u ' tried various kinds of screens for reducing the amount of 
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light passing through the thm layers of concentrated solutions 
we finally attained the desired result by the help of an ms dia- 
phragm attached to one side of the colorimeter By means of 
this diaphragm we are able to make use of 0 5 mgm of mtrogen 
as a standard and against it read a solution contaimng only a 
few hundredths of a milligram of ammonia mtrogen 

The second modification consists in the use of a 100 mm polari- 
scope tube as container for our unknown a mm onia solutions 
instead of the cylinders which go with the Duboscq colorimeter 
These cylinders are so large in diameter that the solutions would 
have to be made impracticably dilute in order to furnish a reason- 
ably high column Ten cubic centimeters, for example, will 
reach to a height of only about 30 mm in the Duboscq cylinders 
yet these are about the smallest colorimeter cylinders in the mar- 
ket With 10 cc we can, however, comfortably fill a 100 mm 
polanscope tube and, as it happens, such tubes just fit the Duboscq 
colorimeter when the solid movable glass prism is removed 

In the determmation of the traces of ammonia here under 
discussion two precautions, not needed m any of the other methods 
described in the preceding three papers, are necessary The first 
is that too much Nessler reagent must be avoided The greenish 
tint observed in very dilute ammonia solutions when Nesslenzed 
is almost wholly due to an excess of the reagent (see p 497) The 
second precaution is the necessity of using only water that is 
strictly free from ammonia for diluting the unknown The amount 
of ammonia m ordinary distilled water is sufficient to introduce 
a considerable error in this determmation, while in those pre- 
viously described it does not matter, partly because the ammonia 
is so small as to be negligible m view of the fact that the standard 
and the unknown are diluted to about the same extent with the 
same water In this case where we read through 100 mm of 
the unknown solution against about 10 mm of the standard the 
case is different and the ammoma of the water must be eliminated 2 

! Ammonia-free water is easily obtained from ordfhary distilled wator 
by the addition of a little saturated bromine water and a few drops of con- 
centrated caustic soda See Claessen’s Text-book, n, p 116 Such water 
containing hypobromite and alkali cannot of course be used for the absorp- 
tion of the ammonia but only for diluting the reagent and for the final 
dilution to a definite volume 
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We do not use such ammonia-free water for the small amount, 
2 to 3 cc , employed for the absorption of the ammonia, but only 
for the water subsequently added m Nesslenzmg and making up 
to a volume 

The method for the determination of the ammonia is as follows 

Ten cubic centimeters of systemic blood or 5 cc of portal or 
mesenteric blood are drawn m the usual manner (described above) 
by means of a pipette and transferred directly to one of the large 
Jena test tubes so extensively used m this work To it are added 
2 to 3 cc of the oxalate-carbonate solution described on p 524 
(15 per cent potassium oxalate and 10 per cent sodium carbonate) 
and about 5 cc of toluol The air current is then started and is 
run as fast as the apparatus can stand for 20 to 30 minutes The 
liberated ammonia is collected, as previously described, m another 
large test tube charged with 5 to 6 drops of tenth-normal acid and 
1 cc of water 

On account of the strong air current available in this laboratory, 
and also because of the relatively long period during which the 
process is earned out, we have found it desirable to cover the top 
of the test tube receiver with a small funnel from which the stem 
has been removed, thus obviating any loss which might be caused 
by spattering At the end of the time indicated the contents 
of the receiver is Nesslenzed in the usual manner but more cau- 
tiously, adding in all not over 1 cc of the previously diluted re- 
agent (dilution 1 5) The solution is then carefully transferred 
to a 10 cc volumetnc flask, diluted to the 10 cc mark, mixed, 
and with this solution the 100 mm polanscope tube is filled and 
closed as for ordinary polanscope work 

Two standard solutions, one containing 0 5 mgm the other 
1 mgm of mtrogen, are Nesslenzed simultaneously with the 
unknown solution made up to volume (100 cc ) and one or the 
other is used as a standard 


In this case, of course, the unknown remains stationary and 
the standard solution must be adjusted until the two colors match 
In making this comparison it is necessary to keep moving both 
t e diaphragm and the colonmeter prism in the standard solution 
until the right position of each is secured 
The colonmeter, as thus used, represents, we belie\e, a new 
eparture in colonmetn and we are taking steps to secure the 
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making of such instruments So far we have used an ordinary- 
diaphragm taken from a microscope and have fastened it by means 
of two screw clamps on top of the colorimeter platform on which 
stands the cylinder A new zero point has of course to be estab- 
lished to allow for the altered position of the cylinder Now we 
are compelled to use one instrument exclusively for such ammonia 
determinations but we hope later to see such instruments properlv 
made by some manufacturer 

In view of the fact that we have already published 3 a number 
of ammonia determinations, made as described above, it seems 
unnecessary to insert more figures here We do not assert that 
even those figures may not ultimately be found to be too high 
but we do believe that they represent the nearest approach to the 
true values that have yet been published 

We believe that the methods described in this paper vail be 
found more serviceable than any hitherto available for the study 
of many important problems which can be solved only on the 
basis of blood and tissue analysis We have so far published two 
papers ( loc cit ) and shall soon publish another more extensive 
one on the fate of the ammo-acids absorbed from the digestive 
tract (and the gradual formation of urea) We herebj expressly 
revoke our earlier reservation ( loc cit ) of the field of research 
referred to in those papers by means of these methods We 
would like to reserve for a while, however, the use of the methods 
for clinical investigations We wish particularly to investigate 
nephritic cases and fevers, and for this purpose are now gathering 
data as to the variations in the composition of normal blood The 
retention of 3 to 4 grams of non-protein nitrogen in a person of 
average size should be easily demonstrable by means of these 
methods unless the normal variations are greater than we have 
yet found them 


* This Journal, xi, p 161, 1912 
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(From the Physiological Laboratories oj the hnuersities of Edinburgh and 
Leeds, and the Department of Physiology and Biochemistry, Cornell Uni- 
versity, Ithaca, A r 1 )' 

(Received for publication, April 16 1912 ) 

In 190S the writer isolated from a long-continued pancreatic 
digest of casein a crystalline substance, which he was able shortly 
afterwards to identify as urocamc acid (“ Urocamnsaure”) Up to 
that time the substance had been known only as an occasional 
constituent of the urine of dogs Tw o cases of its occurrence had 
lieen reported, the first in 1874 by its discoverer Jaffe, 1 2 and the 
--econd in 1S98 by Siegfried 3 It w ould seem that the t\\ o animals 
concerned presented a rare anomaly of metabolism, not attrib- 
utable to any definite cause Jaffe examined the urine of other 
dog-,, and also of men, without again encountering the condition 
Siegfried could find no urocamc acid in 110 liters of human urine 
The origin and constitutiQn of urocamc acid have till now re- 
mained uncertain Siegfried conjectured a relation to the purines 
The appearance of the substance among the products of casein 
digestion pointed at once in another direction In preliminary 
communications 4 I indicated the probability that the mother sub- 
stance of urocamc acid is histidine Observations made soon 
afterwards suggested a more definite conclusion regarding its struc- 
ture, but the hypothesis formed could not at the time be deci- 
su ely tested without a fresh supply" of material Efforts to procure 
this have consumed a great deal of time During the last three 

1 The substance discussed in the present communication was isolated at 
Edinburgh, and identified as urocamc acid at Leeds The remainder of the 
imestigation was earned out at Cornell 

^ JafTC Bcr d chem Ges , vu p ICRS, 1S74 , and van, p SX1 1875 

( '’'cgfned Zeitschr f physiol Chem , vwv, p 399, 189S 

Hunter Journ of Physiol , wxui Proc Phvsiol Soc , p vcvni 190S, 
and this Journal, vi, Proc Soc Biol Chem p xlm 190S-9 
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years large quantities of casern have been subjected for six or seven 
month periods to tryptic digestion, and in the product urocanic 
acid has been sought by the method which originally led to its iso- 
lation 5 Disappointment has been the uniform result, the original 
experience has not once been duplicated Attempts to discover a 
dog which excreted urocanic acid have met with no greater success 
The statement of Swam 6 that a possibly related substance may 
occur m coyote urine led to an examination of that source also, 
but the animal investigated produced neither Swain’s substance 
nor urocanic acid 7 

It is therefore fortunate that recent work by others has afforded 
the means of decidmg immediately the question at issue, and 
of settling the problem of constitution The circumstance re- 
moves any reason that maj r have hitherto existed for withholding 
the details now communicated 

The digest from which urocanic acid was obtained had been 
made with the object of preparing a supply of the “polypeptide 
of pancreatic digestion” described by Fischer and Abderhalden 8 

In 5 liters of water, containing 10 cc of concentrated Liquor 
ammoniae, there were dissolved 500 grams of “Plasmon” and 10 
grams of “pankreatm absolut , Rhenama ” The mixture was 
maintained at 40° m the presence of abundant toluene and chloro- 
form Two days later 10 cc of ammonia, and sixteen days later 
10 grams of pancreatm were added Digestion was contmued for 
seven months, at the end of which time the biuret reaction was but 
feebly positive A loose jelly-like clot (plastem 7 ), impregnated 
with tyrosine crystals, was filtered off, and the filtrate was concen- 
trated m vacuo at 40° to 50° The second crop of tyrosine crystals 
having been removed, the liquid was diluted to about 6 liters, and 
treated with phosphotungstic acid The washed precipitate was 
decomposed m the cold with baryta, and excess of the latter 
removed by sulphuric acid The product was concentrated in 
vacuo and dried over sulphuric acid The yield of crude “poly- 
peptide” was 56 grams This was dissolved m 1 liter of 5 per cent 

6 In the somewhat laborious operations involved I had during the Summer 
Session of 1911 the assistance of Miss Ruth Wheeler, to v horn I here grate- 
fully acknowledge my indebtedness 

6 Swam Amer Journ of Physiol , \in, p 30, 1905 

7 Hunter and Givens This Journal, vni, p 449, 1910 

8 Fisc her and Abderhalden Zntschr f physiol Chem xvxix p 81 1903 
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sulphuric acid, and the precipitation with phosphotungstic acid 
was repeated From the precipitate were finally obtained 42 grains 
of brownish-yellow, extremely hygroscopic material, which dis- 
solved in water with stronglj alkaline reaction, and gave no biuret 
reaction whatever 

From this product it was decided to separate, if possible, arginine 
and histidine One would naturally have expected the material 
to contain these bases m considerable amounts It did give the 
intense “diazo reaction” shown by histidine But it was found 
that towards silver nitrate and fixed alkali it did not react m the 
waj expected of an arginine solution As a matter of fact subse- 
quent application of the silver-baryta method show ed that neither 
arginine, nor yet histidine, was present in quantities that could be 
isolated On the other hand there was produced by silver nitrate 
alone a quite considerable precipitate, which dissolved at once m 
the slightest excess of either acid or alkali Attention was there- 
upon directed to the separation of the substance so reacting 
To this end the wdiole material was brought into aqueous solution 
(600 to 700 cc ), very nearly neutrahzed with nitnc acid, and treated 
with 10 per cent silver nitrate as long as a precipitate resulted 
Six or seven grams of the nitrate were required The hght brown 
gelatmous precipitate was collected on a filter and thoroughly 
"washed It was then suspended in water, and dissolved by the 
aid of a little dilute sulphuric acid The solution was freed from 
silver by hydrogen sulphide, from the latter by a stream of air, and 
from sulphuric acid by baryta It reacted now acid, and on con- 
centration deposited I 45 grams of crude crystalline material This 
was purified by boiling with charcoal and by several crystalliza- 
tions The final yield was 0 92 gram The amount originally 
present in the digest must have been considerably greater 
The substance thus obtained was sparingly soluble m cold, 
readily soluble in hot, water Its solubility m alcohol was very 
slight, while in ether, acetone, ethyl acetate and carbon disulphide 
it was almost, if not quite, insoluble It w as dissolved with ease 
J glacial acetic acid, and by aqueous ammonia or sodium bydrox- 
1 e Its aqueous solution reacted acid to litmus When rapidly 
j-Ostalhzed from hot water, it formed branchmg groups of slender, 
autifully iridescent, doubly refracting needles, sometimes nearly 
a centimeter long, on more gradual separation it appeared as well 
°nned tetragonal pnsms of the first and second orders 

Jociwii, or hioloqicat. ckevistht yol xi yo 5 
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The water-free substance melted with decomposition at 224° 
(corrected) 

Analysis and Mollcuhh Weight Dftehmin ation 0 1369 gram nir- 
dried substance lost 0 0281 gram at 110° 

0 220S gram, dried at 110°, yielded 0 41S2 gram C0 2 and 0 0879 gram H t 0 
0 1193 gram gave 21 1 cc N at 17° and 746 mm 

0 1081 gram, dissolved in 10 4S grams glacial acetic acid, depressed the 
freezing point of the solvent 0 324° 



Calculated for 

CjHjO N 2H 0 

Found 

H;0 

20 7 

20 5 

C 

52 1 

51 7 

H 

4 4 

4 5 

N 

20 3 

20 5 

Molecular weight 

13S 0 

124 0 


In crystalline form, solubility, melting point, and elementary 
composition the substance agreed exactly with the descriptions 
of urocamc acid The two following reactions removed any un- 
certainty as to its identity therewith (1) If a small quantity of 
the hydrated substance is treated with a drop of glacial acetic acid 
the crystals at first dissolve, but almost immediate]}’- thereafter, 
especially if the solution is shaken or rubbed, they separate again 
as a thick mass of small, opaque, white needles This behavior is 
described by Siegfried as characteristic of urocamc acid The 
opaque needles dissolve readily on addition of water or alcohol, 
or an excess of acetic acid (2) When an aqueous solution of the 
substance is treated with an equal volume of 50 per cent nitric 
acid, a heavy microcrystalline precipitate of the nitrate is very 
rapidly deposited The crystals of urocamc acid nitrate, produced 
m a similar manner, have a highly characteristic appeal ance 
They are described by Jaffd as “small plates, bent in the form of a 
sickle, with the ends apparently frayed or eaten away, frequently 
several such plates are united to cross- or rosette-shaped aggre- 
gates ” A reference to the photographs reproduced 11 will demon- 
strate the quotation to be an exact description of the crystals 
yielded by the substance from casein 

Concerning the identity of the latter theie was therefore no rea- 
sonable room for doubt But the molecular u eight determina- 
tion above reported led to the formula CeHeCLNs This v as in 

9 The negatives were very kmdlj made forme bj Dr R Cattley, Univer- 
sity of Leeds, whom I take this occasion of thanking for the service 
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disagreement with the view of Jafie (concurred in by Siegfried), 
which assigned to the acid the double formula CuH^ChNi 10 
Jaffa's choice was determined by the single circumstance, that uro- 
came acid, when heated, yields by loss of carbon dioxide and water 
abase — “urocanine” — to which apparently must be ascribed the 
formula C n HioON< The evidence for the chemical individuality 
of this substance is not altogether convincing Neither the base 
itself nor its salts with mineral acids could be obtained in crys- 



Vap.ioos Forms of Urocanic Acid Nitrate 

talluie form Its formula rests entirely upon analyse* of an 
exceedingly hy'groscopic chloroplatinate The nature of urocanme 

It was at first suspected that the determination itself might be in error 
was made with an apparatus, the only one then at my disposal which did 
no exclude moisture Experiment proved that it was nexertheless easy to 
° am with the same instrument and the same sample of acetic acid satis- 
ac ory approximations to the calculated molecular weight of other organic 
substances 
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decidedly calls for further investigation Whatever may be the 
mechanism of its formation, the sequel will show with sufficient 
clearness that urocamc acid at any rate does possess the simpler 
formula indicated by its cryoscopic effect 

To the older descriptions of urocamc acid I am able to add the 
following points Its solutions are optically inactive They are 
precipitated by silver nitrate, the precipitate increases m bulk upon 
exact neutralization with ammonia, but dissolves instantly m the 
slightest excess of either ammonia or nitric acid Urocamc acid 
is precipitated also by mercuric chloride, and by phosphotungstic 
and picrolomc acids The phosphotungstate dissolves m hot water, 
from which it crystallizes m minute cubes or short rectangular 
prisms The picrolonate, gelatinous when formed by bringing 
together aqueous solutions but granular if precipitated m alcohol, 
is dissolved with great difficulty m boiling absolute alcohol, with 
less difficulty m boiling water, and with comparative ease m boiling 
dilute alcohol It can be recrystallized from water as bright yel- 
low sheaves of long filamentous needles, from 75 per cent alcohol 
as dense clumps of yellow plates, which singly take the form of 
elongated rhombs It decomposes about 268° (corrected), after 
gradual discoloration from about 230° 

On bringing together saturated aqueous solutions of urocamc 
acid and picric acid there is no immediate precipitate, but there 
gradually separate yellow iridescent macroscopic prisms of the 
picrate, which melt at 224° to 225° (corrected) 

Urocamc acid m dilute sodium carbonate solution gives a very 
intense red reaction with diazobenzenesulphomc acid It does not 
evolve any nitrogen on treatment with nitrous acid It instantly 
reduces a cold alkaline permanganate solution with immediate 
liberation of manganese dioxide 

A substance giving the diazo reaction, and obtained from pro- 
tein m the way described, could hardly be other than an imidazole 
derivative, standing m some relation to histidine Its precipita- 
tion reactions were m harmony with this conclusion The immedi- 
ate reduction of cold alkaline permanganate, which the imidazole 
ring itself will not bring about, pointed to the possession of an 
unsaturated side chain These considerations, taken in con- 
junction with the empirical formula CeHeCbNo, suggested the 
probability that urocamc acid is an lmidazole-acrjdic acid, related 
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therefore to histidine in the same nay as cinnamic acid is to 
phem lalanme n 


CH — NHv 

1! JCH 

C X '' 

CH— NH X 

1! JCH 

C N " 

1 

1 

CH; 

CH 

1 

II 

CH XH- 
1 

CH 

1 

1 

COOH 

1 

COOH 

Histidme 

Imidazole-acrj lie 
or Urocam„ acid 


Such a constitution uould account for the acid reaction to indi- 
cators with simultaneous possession of basic characters, the want 
of optical activity, and the failure to react with nitrous acid But 
before it could be held to be full} established, confirmatorj evi- 
dence of a stricter nature uas essential This can non be sup- 
plied \ substance known independently to have the structure 
represented abote has been recently described by Barger and 
Emus 11 The} obtained it in tno ways (1) from ergothioneme 
(the betaine of thiohistidme) m the manner illustrated b} the 
scheme below 


CH— NHs 
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" This view of the constitution of urocamc acid occurred independent^ , 
as I learn from a private communication, to Professor Treat B Johnson of 
ale Unnersitj, whose studies on thiohi dantoins have led him to an interest 
la the derivatives of histidine (see Johnson and Guest inter Chem Journ , 
x 'n, p 242, 1912) It was Professor Johnson who drew m\ attention to the 
paper of Barger and Ewins mentioned below and he therefore who furnished 
e stimulus that occasioned the immediate publication of mj results It 
u a pleasure to record mj appreciation of the fnendh spirit that has charac- 
enzed Professor Johnson’s side of the correspondence 

Barger and Ewins Journ Chem Soc xcix p 2336, 1911 



544 


Urocamc Acid 


(2) by the action of trimethylamine on a-chloro-jS-imidazole-pro- 
piomc acid Of this product sufficient has been placed m my pos- 
session 13 to enable me to say with certainty that it is identical with 
urocamc acid It crystallizes m precisely the same forms, it 
behaves m the same way with glacial acetic acid, and its nitrate 
has the peculiar and characteristic shape of urocamc acid mtrate 
Specimens of the two products heated side by side melted together 
at 231° to 232° (corrected) , 14 a mixture of both m equal proportions 
melted simultaneously with a sample of the compound from casern 
Barger and Ewms describe a phosphotungstate crystallizing m 
small rectangular plates, and a picrate formmggolden yellowpnsms 
The comparison places it beyond reasonable doubt that uroc am c 
acid is p-imidazole-J^ipr S)-acrylic acid 

That such a substance should make its appearance m a pancreatic 
digest is somewhat astonishing Its origin certainly cannot be 
ascribed to the action of trypsin What the responsible factor was, 
whether the particular ferment preparation employed contained a 
deaminizing enzyme of peculiar nature, or whether the responsibil- 
ity lay with some accidental circumstance m the manipulation of 
the product, it has not been possible to determine It is doubtless 
of significance that from the digestion mixture arginine, as well as 
histidine, had disappeared The attempt to duplicate the occur- 
rence has not been abandoned, and an explanation may yet be 
found One naturally thinks of bacterial action The incubated 
mixture at no time exhibited evidence of organismal growth, yet 
in the absence of bacteriological control that source of decomposi- 
tion cannot be by any means excluded With this in mind I have 
grown some of the commoner organisms in casein and histidine 
solutions The result hoped for has not so far been attained 
Experiments m this direction also are being continued, although, 
so far as I am aware, no analogous case of the conversion by bac- 
teria of an ammo- into an unsaturated acid has been reported 

13 To Drs George Barger and Arthur J Ewms I take this opportunity of 
expressing my grateful recognition of the courtesy with which they at once 
acceded to my request for a specimen 

u I had previously found for urocamc acid the melting point 224°, while 
Barger and Ewins report for their substance 235° to 236° The fact is, as 
Siegfried also noticed, that the value found vanes widely with the manner 
of heating This is probably equally true for the picrate, which according 
to Barger and Ewms melts at 213° to 214°, according to my own determina- 
tion at 224° to 225° 
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The appearance of imidazole-acrylic acid under the circumstances 
described in this paper is not more remarkable than its occasional 
occurrence as an excretory product in the dog In this character 
it almost certainly represents an intermediate step in the catabo- 
lism of histidine The type of ammo-acid transformation which 
would thus be illustrated apparently oocurs in plants — witness the 
formation of cinnamic and p-cumanc acids — but has not hitherto 
been met in animals The production of cinnamoyl-glycocoll 
observed by Dakin 15 to follow administration of phenydpropiomc 
acid to cats presents perhaps the nearest analogy' Other origins 
than the one assumed are of course not impossible But the 
formation of the unsaturated acid is not the only' problem offered 
The phenomenon of its excretion is equally puzzling It is known 
that moderate doses of cinnamic acid are easily' and completely 
oxidized within the animal organism 16 A case where the analo- 
gous imidazole derivative cannot be similarly' disposed of is almost 
certainly a metabolic anomaly' The elucidation of the structure 
of urocamc acid adds therefore a fresh interest to the search, still 
being prosecuted, for an animal which regularly' excretes that 
substance It would be of interest to determine whether even 
normal dogs do not excrete small quantities of urocamc acid m 
response to enteral or parenteral administration of histidine or its 
derivatives Experiments to decide the point are in contempla- 
tion The metabolic fate of histidine has been the subject of 
studies by' Abderhalden and Embeck , 17 Abderhalden, Embeck and 
Schmid , 18 Kowalevsky , 13 and Dakin 30 But in none of the experi- 
ments reported was urocamc acid specifically' sought 


15 Dakin This Journal a,pp 173 and 303, 190S, also vi, p 203,1909 
11 Cohn Zeilschr f physiol Chem , xvn, p 274, 1S93, and Dakin this 
Journal \, p 413, 1909 

” Abderhalden and Embeck Zeilschr f physiol Chem , Ixn, p 322, 1909 
** Abderhalden, Embeck, and Schmid Ibid , lxvui, p 395, 1910 
"Kowalevski Biochem Zeilschr , xxm, p 1,1910 
10 Dakin This Journal, \ p 499, 1912 
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Sphmgosine u as discovered by Thudichum- on hydrolysis of a 
cerebroside, phrenosine Discussing the chemical properties of 
the substance, its behavior towards bases and acids, the author 
took into consideration the possibility of the substance having the 
structure of an amino-acid or of an alkaloidal base In his final 
conclusion he expressed preference to the view of the basic nature 
of the substance 

In later years Thierfelder 3 repeated the work of Thudichum, and 
in the mam substantiated his views The work of Thierfelder, 
however, was directed principally to the study of the properties of 

1 1 report on the results of the present investigation has appeared in the 
Proceedings of the Meeting of the American Society of Biological Chemists, 
held December 28th to December 30th, 1911, published in the March 
number of this Journal In Heft 6, vol lxxvu of Hoppe-Seyler’s Zcit- 
schnfl fur physialogische Chemxe, published on April 9, there appeared 
two articles by Thierfelder, Riesser and Thomas m which the authors 
armed at the same conclusions as reported by us The appearance of the 
two articles was caused undoubted!} by the pubhcation of our report, since 
HeftS of vol Ixwn of Hoppe-Seyler’s Zeilschnft contained no mention of 
Thierfelder’s name among the authors of twentj-six articles received for 
pubhcation In a footnote to one of the articles Professor Thierfelder 
claims the sole privilege for work on sphmgosine and related substances, for 
the reason that Thudichum’s work had been half forgotten at the tune when 
Thierfelder directed his attention to cerebrosides We do not feel that this 
justifies the request made by Thierfelder, that the work which had been in 

Progress in our laboratory for more than a year should be abandoned before 
it is completed 

t chcmtscfie Konshlution des Gehirns, Tubingen, 1901 
Zeitschr / physiol Chem , \hv , p 366, 1905, Kitagawa Ibid , xlix, p 
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On Sphmgosme 

the cerebroside, which he named “cerebron ” The author ex- 
pressed no definite view regarding the chemical structure of the 
base 

The results of the present investigation have made certain that 
sphmgosme is an unsaturated monoammodihydroxyalcohol 

This conclusion is based on the following data 

1 The substance contains all its nitrogen m form of primary 
ammo nitrogen 

2 The presence of a double binding m the molecule is demon- 
strated by the readiness with which sphmgosme absorbs hydrogen 
when treated according to the method of Paal A substance is 
thus formed which has the composition of dihydrosphmgosme 
It was analyzed m the form of a sulphate and a tnacetyldenvative 

3 The presence of two hydroxyl groups m the molecule is evi- 
dent from the fact that sphmgosme forms a tnacetyldenvative 
which no longer contains the original primary ammo group The 
substance forms a dimethylether, and finally it can be reduced to 
an amine, sphmgamme 

As yet it is not certain vdiether or not the carbon atoms are 
linked m a normal chain Attempts were made to reduce the 
dihydrosphmgosme to the corresponding amine, but instead of 
the heptadecylamme there was always obtained the unsaturated 
sphmgamme Efforts to obtain the saturated a mine are now m 
progress Also work is m progress on the respective position of 
the double bond, and of the hydroxyl groups 

EXPERIMENTAL PART 

Sphmgosme 

The base was obtained on hydrolysis of "cerebrm” prepared by 
a slight modification of the process described by Parcus 4 The 
conditions of hydrolysis were similar, but not identical with those 
described by Thierfelder The base was prepared m crude form 
as the sulphate, winch was then transformed into the free base and 
into the acetate The discoverer of the base mentioned that it 
could be made to crystallize out of ether It was found m course 

* Journ f prakl Chcm , wiv, p 310, 1SS1 
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of this work that crystallization proceeded much more readily out 
of petrolic ether 

The sulphate v,as obtained m the form of a v, hite crystalline 
powder It melted with decomposition at 233° to 234°C (uncor- 
rected) A great many samples w ere analyzed The analysis of 
one of these gave the following results 

0 0996 gram of the substance dned m chloroform-vacuum bath over phos- 
phorus pentoxide gave on combustion 0 0940 gram of H 2 0 and 0 22S0 gram of 
CO 

0 2400 gram of the substance, emploj ed for a Kjeldahl nitrogen estima- 
tion, required for neutralization 6 9 cc of acid 



Calculated for 



(CnHnN OaltHjSO, 

Found 

c 

61 OS 

61 05 

H 

10 78 

10 60 

N 

4 19 

4 06 


The optical activity of the substance was the following 

0.5304 gram of the sulphate was dissolved m a mixture of 5 cc of chloro- 
form and X cc of glacial acetic acid The total weight of solution was 8 7514 
grams The rotation m pure D-light was —1 50°, hence 

[a]-° = - 13 12° (— 0 00) 

hhacelale Dissolved in glacial acetic acid and petrolic ether, the 
substance crystallized m form of very long needles of the following 
composition 

01402 gram of the substance gate on combustion 01290 gram H ; 0 and 
03206 gram of C0 2 

Calculated for 

CnHwNOj (CjHiOjIi Found 

C 62 22 62 36 

H 10 61 10 22 

Amino nitrogen estimation A solution of 0 300 gram of the sul- 
phate m 10 0 cc of glacial acetic acid was employed for an ammo 
nitrogen estimation according to the method of Van Slyke Frv e 
vere used for each experiment All nitrogen was given off m 
1 >rty minutes In each experiment 1 1 cc of nitrogen were formed 
at l = 21°C and p = 760 mm 


Calculated for 
'C, HnO NH,VH SO, 

4 19 


Found 
4 17 
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Dikydrosphingosine 

The hydrogen absorption value of sphmgosme is obtained most 
conveniently when the free base is dissolved m ether and shaken 
with aqueous colloidal palladium prepared according to Paal' 
0 100 gram of palladium to about 0 500 gram of the base dissolved 
in about 150 cc of absolutely pure ether gave the most satisfac- 
tory results The absorption was completed m about thirty min- 
utes The velocity of the operation was greatly increased by the 
addition of 1 cc of glacial acetic acid to the ethereal solution 

0 500 gram of the substance absorbed 50 cc of hydrogen (without correc- 
tion for t and p) Theory requires 45 cc of H 
0 6486 gram of the substance absorbed 59 cc of H, theory requires 56 cc 

The ethereal solution of dihydrosphmgosme was evaporated to 
dryness and the substance converted into the sulphate and into 
the triacetyldenvative 

The sulphate was obtained m form of a white crystalline powder 
Its melting point was only slightly different from the unsaturated 
compound, being 235°C 


C 

H 


Calculated for 
(Ci7H n NOOiH:SOi 
60 61 
11 38 


Found 
60 90 
11 11 


The optical activity of the substance was difficult to determine 
for the lack of a sufficiently satisfactory solvent Approximately 
it was as follows 

0 0776 gram of the substance dissolved m about 3 cc of alcohol containing 
sulphuric acid, and weighing 2 8640 grams gave a rotation of —0 29° in a 2 
dm tube 

[a] 2 D ° = - 10 67° 

0 1214 gram of the substance gave on combustion 0 1153 gram of HiO and 
0 2948 gram of CCb 

Calculated for 

CitHhNOj (CH.CO). Found 

c 66 76 66 76 

H 10 50 10 60 
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Acelyldenvahves 

On treatment of the free base with acetic anhydride di- or tn- 
acetylsphingosme can be obtained The first is obtained by dis- 
solving the base m boiling acetic anhydride and evaporating the 
solution under di minis hed pressure The tnacetyldenvative is 
prepared by allowing the base to digest with acetic anhj dnde in a 
boiling water bath with return condenser for one hour and only 
then ev aporatmg the solution to dryness The further treatment 
in both instances is identical The residue obtained on evaporat- 
ing the solution under diminished pressure is taken up m chloro- 
form and again evaporated under diminished pressure This 
residue is taken up m hot acetone and the substance allowed to 
crystallize For analysis the substances were dried in a vacuum- 
chloroform bath over phosphorus pentoxide 

Diacetyldenvalive 0 1317 gram of the substance gave on combustion 
0 1256 gram of H O and 0 3283 gram of COj 

0 2720 gram of the substance was dissolved in 10 cc o! glacial acetic acid 
and used for ammo nitrogen estimation according to Van Slyke Five 
cubic centimeters of the solution were employed for each experiment There 
was formed 9 3 cc nitrogen at 24°C and 758 mm pressure The substance 
was allowed to react one hour, although the reaction was practically com- 
pleted m twenty minutes 



Calculated for 



(CuHnOi Nils) (CUiCOli 

Found 

c 

68 1 

68 16 

H 

10 8 

10 59 

N 

3 4 

3 78 


The physical constants and saponification value of this substance were 
not determined 

Tnacelyldenvative 0 1194 gram of the substance gave on combustion 
0 106} gram of HjO and 0 2950 gram of CO. 

0 2500 gram of the substance was diEsoh ed in 10 cc of glacial acetic acid 
and employed for an ammo nitrogen estimation N o formation of nitrogen 
took place 

Calculated for 

CuHc'NOt. (CHiCO )j Found 

C 67 15 67 38 

H 9 98 9 98 

The substance melted sharply at 102 c to 103° C (uncorr ) 

0 33S3 gram of the substance was dissolved in 60 cc of methyl alcohol, 
containing 10 cc of a i solution of sodium hy drate in methyl alcohol The 
solution was heated on boiling water bath for two hours, allowed to stand 
o\er night and titrated It required 24 90 cc of yj alkali to neutralize the 
acetic acid formed on saponification The theory required 24 75 cc 
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Dimethylsphingosine 

This substance is formed m course of hydrolysis of cerebrosides 
by means of methylalcohol and mineral acid Thierfelder, who 
nas the first to have the substance in his hands, erroneously re- 
garded it as a new base Since our first communication, Thier- 
felder and Riesser 5 substantiated our view on the substance The 
methyldenvative was obtained m form of a sulphate on concen- 
trating the mother liquors from the crude sphmgosme sulphate 
The sulphate was then transformed into the free base and this 
again transformed into the hydrochloride The hydrochloride 
crystallizes out of alcohol m the form of large glittering plates 
The substance was identified by the fact that, similarly'- to sphin- 
gosine, it contained all its nitrogen in form of primary ammo nitro- 
gen, it contained one unsaturated bond and on boiling with hydro- 
lodic acid formed the required amount of methyhodide 

0 1615 gram of the substance gave on combustion 0 1654 gram HiO and 
0 3926 gram of CO- 

Calculated lor 

Ci.Hj.NO HC1 Found 

C 65 18 66 65 

H 11 52 11 24 

Hydrogen absorption value One gram of the substance dissolved m ether 
containing 2 cc of glacial acetic acid On treatment with palladium accord- 
ing to Paal it absorbed 67 cc of hydrogen Theory requires 72 6 cc 

Amino nitrogen estimation 0 3500 gram of the hydrochloride dissolved 
in 10 cc of glacial acetic acid Five cc of this solution used for ammo nitro- 
gen estimation according to Van Slyhe There formed 12 5 cc of nitrogen at 
/ = 24° and p = 758 mm 

Calculated for 

NHjHCl Found 

N 4 01 4 00 

Methyl estimation 0 1206 gram of the hydrochloride boiled with hjdro- 
lodic acid of specific gravity = 1 71 in the apparatus of Zeisel and Fanto 

There was obtained 0 1286 gram of silver iodide 


CH S 


Calculated for 
CnHnNOj (CH.h HC1 

8 45 


Tound 

7 00 


The physical properties of the substance did not permit a more 
accurate estimation In a control experiment vuth sphmgosme 

V Zeitschr f physiol Chem , Kwn, p 50S, 1912 
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crystallized out of petrolic ether no silver iodide was formed On 
the other hand, the base obtained directly after removing the sul- 
phuric acid from apparently pure sphmgosme sulphate still caused 
the formation of some silver iodide The highest value obtained 
m this manner v, as equivalent to CH 3 = 2 32 per cent 


Sphmgamine 

■Utempts w ere made to reduce dihy drosphingosine to the corre- 
sponding amine The normal heptyldecy lamine has been obtained 
synthetically Hence a comparison of the tv. o bodies should hat e 
determ ned the fact v hether or not the substances were identical 
In se\ eral experiments the reduction v, as attempted by means of 
hvdroiodic acid, and m one expenment the dihydrosphmgosme 
nas transformed into the dihy r drodichlorsphmgosine, which w as 
- then reduced by means of metallic sodium and alcohol 

Hon ever, under all conditions the unsaturated substance was 
formed 

Reduction with hydroiodic acid w as carried out m sealed tubes at 
125°C The reaction-product was dissolved m ether The ethereal 
solution was dried with anhydrous sodium sulphate, and then 
diluted with one-third of its volume of 98 per cent alcohol, and the 
solution treated with metallic sodium 

The substance obtained from the solution w as transformed into 
the sulphate The analysis of the substance obtained from three 
different experiments follows 

I 0 1042 gram of the substance gaie 0 1100 gram H O and 0.2562 gram 
of CO 

II 0 1014 gram of the substance gate 0 099S gram H-0 and 0 2494 gram 
of CO 

HI 0 1153 gram of the substance ga\ e 0 1233 gram H 0 and 0 2S00 gram 
of CO: 

0 14S0 gram of sample I was used for Kjeldahl mtrogen estimation II 
required for neutralization 4 1 cc of -nr acid 


C 

H 

N 


Calculated for 
(C, Hi,N hR SO. 

i 

Found 

II 

m 

67 46 

67 2 

67 2 

67 85 

12 02 

11 82 

11 05 

11 97 

4 52 

4 44 

4 51 
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Reduction of dihydt odichlorsphmgosme The ehlordenvative v as 
obtained by digesting dihydrosphmgosine with thionylchloride m a 
water bath at 50° The crude substance without purification was 
dissolved m a mixture consisting of two parts of ether and one of 
98 per cent alcohol and reduced vuth metallic sodium The sub- 
stance obtained in this manner was transformed into the sulphate 
and analyzed 

0 1251 giam of the substance give on combustion 0 1310 gram of H O and 
0 3097 gram of CO* 

Calculated for 

(CirHisN) H SO< Found 

C 67 46 67 51 

H 12 02 11 72 


ERRATUM 

On page 217 of this volume, No 3, tenth line from the top, 
for strict read generic 
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